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crews  before  it  was  tightened  down  onto  the  interface  plate. 

To  assure  the  wedge  probe  was  aligned  with  the  traverse,  two  critical  checks 
rere  made.  First,  the  probe  head  was  checked  to  assure  it  was  perpendicular  with  the 
ledge  edge.  The  procedure  used  to  verify  probe  head  alignment  is  detailed  in 
teference  4,.  Probe  head-to-wedge  alignment  was  assured  to  within  +•!  minute.  The 
lecond  check  involved  aligning  the  probe  head  to  the  traverse.  This  was  done  through 
;he  use  of  artother  alignment  bracket.  This  bracket  slipped  over  the  traverse  slide 
luides  and  mated  against  the  probe  head,  forcing  it  to  the  zero  angle  position,  as 
ihown  in  Figure  6.  With  these  checks  and  procedures,  overall  flow  angle  measurement 
jccuracy  was  +1  degree. 

Pressure  obtained  from  the  wedge  probe  during  testing  were  converted  to  DC 
loltages  by  Druck  Model  PDCR42  differential  pressure  transducers.  Transducer  pressure 
anges  were  0-1  psi ,  0-15  psi  and  0-50  psi  for  wedge  probe  measurements  of  P2-P3,  Pl- 
’2  and  PI -PATH,  respectively.  The  transducers  were  bench  calibrated  before  testing 
to  assure  their  characteristics  were  linear  in  the  range  of  interest.  The  results 
jf  this  bench  calibration  are  shown  in  Table  A-4,  Appendix  A.  Excitation  voltages 
for  these  transducers  were  maintained  at  12  volts  DC  by  Preston  Model  8800  Universal 
Signal  Conditioners.  Amplification  of  transducer  output  signals  were  obtained 
through  the  use  of  Preston  model  8300  XWB  amplifiers.  Gains  were  set  to  obtain 
5utput  levels  in  the  range  of  0  to  5  volts  DC, 

To  obtain  on-line  calibration  of  the  pressure  transducers,  four  Model  J 
scan i valves  were  incorporated  in  the  test  system.  Two  transducers  were  referenced 
to  atmospheric  pressure,  PATM,  while  one  transducer  was  referenced  to  another 
scanivalve  to  measure  differential  pressure  on  the  wedge  probe.  A  schematic  of  the 
jressure  measurement  equipment  is  shown  in  Figure  7.  A  scanivalve  solenoid 
:ontroller.  Model  CTLR2/S2-S6,  was  used  to  control  the  common  drive  shaft  of  the 
four  scanivalves.  These  valves  were  positioned  to  six  different  ports  for  each  test 
:ondition.  The  order  of  sensing  is  shown  in  Table  1. 
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The  calibration  facility  provided  a  2-inch  diameter  free  jet  in  the  Mach  number 
range  of  .17  to  .50  at  atmospheric  static  pressure.  With  the  wedge  probe  set  at  a 
null  position,  the  calibration  results  for  CRT  and  CPS  were  0.998  and  0.905, 
respectively,  over  the  range  of  Mach  numbers  available.  Details  of  the  calibration 
results  are  shown  in  Table  A-1,  Appendix  A.  Results  of  the  angle  sensitivity 
calibration,  shown  in  Table  A-2,  Appendix  A,  demonstrated  that  nulling  of  the  probe 
during  testing  was  obtained  to  within  0.5  degrees  in  the  most  severe  misalignment 
case.  In  post  test  data  reduction,  the  flow  angle  was  corrected  for  this 
misalignment. 

No  calibrations  were  performed  to  determine  the  effects  of  probe-wall 
interactions  or  flow  blockage  by  the  probe.  Although  these  errors  do  exist,  as 
described  in  References  2  and  3,  the  ultimate  test  objective  is  to  simulate  the 
engine  profiles  in  a  compressor  test  where  these  interaction  effects  should  be 
consistent. 

The  traversing  and  rotating  of  the  wedge  probe  were  remotely  performed  by  a 
Northern  Research  and  Engineering  Corporation  actuation  system.  Feed  bacl<  signals 
from  the  system's  potentiometers  were  used  to  record  radial  and  angular  positions  of 
the  probe.  The  probe  actuator  was  calibrated  to  assure  the  accuracy  of  flow  angle 
measurement  and  core  duct  radial  position.  Voltages  from  the  potentiometer 
corresponding  to  traverse  linear  travel  were  correlated  with  the  actual  probe  travel 
measured  with  a  vernier  caliper  accurate  to  within  .001  inch.  The  calibration 
results  shown  in  Table  A-3,  Appendix  A  were  linear  within  the  range  of  travel; 
therefore,  a  straight  line  fit  was  used  and  calibration  constants  derived.  The  same 
procedure  was  followed  for  the  traverse  angular  rotation.  A  protractor  divided  into 
.1  degree  intervals  provided  for  a  calibration  accuracy  of  +.1  degree.  Through 
repetitive  calibrations  of  the  linear  and  angular  potentiometers,  repeatability  was 
determined  to  be  within  +.0002  inch  and  +.5  degree,  respectively.  These  accuracies 
were  suitable  for  the  program  requirements. 

Traverse  to  engine  alignment  methods  were  developed  in  an  effort  to  maintain 
the  accuracy  required  in  flow  angle  measurement,  as  referenced  to  the  engine  axis. 
These  methods  required  that  an  alignment  plate,  shown  in  Figure  5,  be  placed  on  the 
traverse  to  engine  interface  plate.  The  traverse  was  drawn  up  to  this  plate  by  cap 
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connected  to  different  channels  of  the  scanner.  These  channels  were  read  by  the 
voltmeters  by  the  scanner  on  command  from  the  computer.  Two  digital  channels  were 
used  to  operate  the  scanivalve.  The  3456A  voltmeter  is  a  six-digit  integrating  AC- 
DC  digital  voltmeter  capable  of  storing  up  to  350  readings  at  a  time.  It  also  has  a 
math  option  which  allows  it  to  determine  maximum,  minimum,  average,  and  standard 
deviation  of  a  given  set  of  readings.  This  option  was  utilized  in  test  data 
analysis.  The  3456A  was  used  for  all  pressure  transducer  calibrations  and 
measurements.  All  data  were  printed  out  on-line  by  the  HP  9871A  printer. 

The  inlet  profile  pressures  and  temperatures  were  obtained  thru  a  wedge  probe 
sensing  element.  The  probe  used  in  the  experiment  was  a  .25-inch  diameter  United 
Sensor  Model  WT-250-25-Cu/C  wedge  probe.  This  probe  senses  one  temperature  and 
three  pressures  (PI,  P2,  and  P3),  as  shown  in  Figure  4.  The  temperature  was 
measured  by  a  copper  constantan  thermocouple.  PI  is  proportional  to  the  total 
pressure,  while  the  average  of  P2  and  P3  is  proportional  to  the  static  pressure. 

The  flow  angle  was  determined  by  the  nulling  method.  In  this  procedure,  the  probe 
was  rotated  so  that  each  of  the  side  ports  read  the  same  pressure.  Flow  direction 
is  then  determined  from  the  physical  position  of  the  probe. 

Prior  to  testing,  the  wedge  probe  was  calibrated  to  determine  its  total  and 
static  pressure  coefficients,  CPT  and  CPS,  which  are  defined  as 


and 


CPT  - 


PI  -  PS 
PT  -  PS 


(1) 


CPS 


(PI  -  P2)  (P1-P3) 

2(PT  -  PS) 


(2) 


where  PT  and  PS  are  the  total  and  static  pressure  in  the  calibration  nozzle.  After 
engine  testing,  an  additional  calibration  was  performed  to  determine  flow  angle 
sensitivity,  as  there  were  difficulties  in  obtaining  an  absolute  null  position 
during  portions  of  the  test. 
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SECTION  II 

ENGINE  CORE  INLET  PROFILES 


1.  GENERAL  REQUIAENENTS 

This  phase  of  the  program  Involved  the  development  of  a  transportable  data 
acquisition  system  and  measurement  of  F100(3)  HPC  inlet  profiles  with  this  system.  (Ref.  I) 
The  test  was  performed  at  a  test  stand  located  at  Pratt  and  Whitney  Aircraft, 

Florida.  The  core  compressor  inlet  profiles  acquired  were  total  pressure,  static 
pressure,  temperature  and  swirl  angle.  A  cutaway  of  the  FlOO  fan  and  core  flow  path 
investigated  is  presented  in  Figure  2.  Shown  in  this  figure  are  the  two  axial 
locations  that  were  investigated.  A  wedge  probe  was  traversed  across  the  core  flow 
to  obtain  the  desired  profiles  at  these  two  axial  locations.  Since  the  2.5  location 
is  further  from  the  last  rotor  row  of  the  fan  (approximately  four  chord  widths 
downstream),  this  position  should  have  less  time-varying  pressure  and  temperature 
fluctuations  associated  with  the  rotating  stages  of  the  fan.  For  this  reason,  the 
2.5  location  was  considered  the  primary  position  for  measuring  the  time-averaged 
pressures  and  temperatures,  while  data  obtained  at  station  2.3  were  used  for 
comparison. 

2.  DATA  ACQUISITION  SYSTEM 

a.  System  Hardware 

The  data  system  hardware  was  selected  for  its  high  acquisition  rate  and 
modular  design.  These  characteristics  allowed  for  the  required  data  to  be  obtained 
in  a  short  period  of  time  at  a  remote  test  site.  A  schematic  of  the  data  acquisition 
hardware  is  shown  in  Figure  3. 

The  data  acquisition  system  consisted  of  a  Hewlett  Packard  9825T  desk  top 
computer,  3487A  scanner,  3456A  voltmeter,  and  a  987 lA  printer.  The  9825T  computer 
controlled  the  scanner  and  voltmeter  by  an  IEEE  488  standard  Interface  and  the 
printer  via  a  16-bit  parallel  Interface;  In  addition,  the  computer  was  used  for  on¬ 
line  data  reduction.  The  3497A  scanner  has  20  analog  data  acquisition  channels,  16 
digital  channels,  an  internal  clock,  and  a  built-in  5-1/2  digit  Integrating  digital 
voltmeter.  Four  analog  channels  were  used  for  data  acquisition  and  two  for 
measuring  probe  position.  The  three  pressure  transducers  and  the  thermocouple  were 
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SECTION  I 
INTRODUCTION 


1.  GENERAL 

The  FlOO  gas  turbine  engine  currently  powers  the  Air  Force  F-15  and  F-16 
aircraft.  The  compression  section  of  this  engine  consists  of  a  three-stage  fan 
followed  by  a  ten-stage  High  Pressure  Compressor  (HPC).  A  component  test  of  the 
FlOO  HPC  will  be  performed  in  the  Compressor  Research  Facility  (CRF)  of  the  Ae'*o 
Propulsion  Laboratory  (APL)  at  Wright-Patterson  Air  Force  Base,  to  investigate  its 
stall  and  post  stall  characteristics.  This  testing  will  require  that  the  high 
pressure  compressor  entrance  profiles  be  simulated  to  obtain  results  which 
correspond  to  actual  engine  operation.  Since  these  entrance  profiles  had  never  been 
measured,  a  program  was  designed  to  experimentally  measure  the  total  and  static 
pressure,  temperature  and  flow  angle  profiles  at  the  HPC  entrance  of  an  FlOO  Series 
3  engine  (FlOO  (3)),  (S/N  P072). 


The  measured  profile  data  were  then  used  as  design  data  for  a  set  of  inlet 
screens  and  vanes.  These  vanes  and  screens  will  simulate  the  engine  fan  discharge 
profiles  for  the  HPC  test.  The  manufactured  screens  and  vanes  were  tested  in  Room 
24  of  Building  18  of  the  Air  Force  Wright  Aeronautical  Laboratories  to  verify  their 
simulation  capabilities.  Five  separate  test  periods  were  necessary  to  achieve  the 
program  goals.  These  tests  are  described  in  Sections  II  thru  VI.  The  program 
discussioji^and  conclusions  are  presented  In  Section  VII  and  VIII. 

r  ‘  I  '''  j 

2.  PROGRAM  OBJECTIVES  C  ^,'0)7  7^7  Tt/ -  -  - 

The  program  objectives  were  to  measure  the  actual  F106  engine  HPC  inlet  < 

pressure  profiles  within  +1  percent  and  swirl  angle  profiles  within  +1  degree.  With 
these  results  as  input  data,  a  set  of  screens  and  vanes  were  designed  and 
manufactured  by  Pratt  &  Whitney  Aircraft  (P&WA)  as  part  of  the  overall  CRF  FlOO  . 
contract.  The  screens  and  vanes  designed  were  tested  to  determine  if  the  profiles 
they  produce  meet  the  goal  of  the  CRF  FIDO  contract:  to  simulate  actual  engine  HPC 
inlet  profiles  during  the  CRF  component  test.  This  will  assure  that  test  results 
can  be  compared  to  engine  performance  results. 
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TABLE  1  -  ORDER  OF  PRESSURE  MEASUREMENT 


Measurement  Order 

“■ 

Transducer 

0-1  psid 

0-15  psid 

0-50  psid 

1 

0  psid 

0  psid 

0  psid 

2 

0  psid 

4  psid 

35  psid 

3 

P3-P2 

P1-P2 

PT-PATM 

4 

P2-P3 

P1-P3 

Pl-PATM 

5 

0  psid 

4  psid 

35  psid 

6 

0  psid 

0  psid 

0  psid 

The  scani valve  remained  on  a  port  for  five  seconds  in  order  to  stabilize  the 
pressure  in  the  system.  After  this  stabilization  time,  36  scans  of  the  transducer 
output  were  recorded  and  averaged  by  the  acquisition  system.  The  scheme  in  Table  1 
provided  for  a  zero  point  calibration  of  the  0-1  psid  transducer  and  a  two-point 
calibration  of  the  0-15  and  0-50  psid  transducers  before  and  after  the  transducers 
were  exposed  to  the  test  ports. 

A  zero  point  calibrction  of  the  0-1  psid  transducer  was  performed  since  this 
transducer  was  used  to  align  the  probe  with  the  flow  direction  by  nulling  the 
pressure  difference  between  the  side  ports  of  the  wedge  probe.  A  two-point 
calibration  of  the  other  two  transducers  was  performed  to  eliminate  bias  due  to 
transducer  drift  that  might  occur  during  testing.  Calibration  pressures  of  4  and  35 
psig  were  supplied  by  two  Model  MKIOO  pneumatic  deadweight  testers.  Two  of  these 
calibrations  were  performed  for  each  test  condition  to  determine  if  a  transducer 
drifted  during  the  test  measurement. 

b.  System  Software  and  Data  Reduction 

The  complete  data  acquisition  process  was  preprogrammed  on  the  HP  9825T 
calculator.  The  system  software  commanded  opening  and  closing  of  relays  necessary 
to  convey  information  to  and  from  the  data  acquisition  hardware.  The  program 
measured  traverse  positions,  transducer  calibration  values,  probe  pressures  and 
probe  temperatures.  With  this  information,  transducer  calibration  coefficients  and 
reduced  parameters  of  temperature,  total  pressure,  static  pressure,  Mach  number,  and 
swirl  angle  were  calculated.  The  program  provided  a  printout  of  reduced  data  in 
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engineering  units  as  they  were  obtained  during  testing,  thus  minimizing* the  need  for 
post  test  data  reduction. 


The  first  step  of  the  reduction  program  was  to  obtain  a  straight  line 
transducer  calibration  from  the  on-line  calibration.  Details  of  this  procedure  are 
shown  in  Appendix  A.  After  the  two  calibrations  (one  before  data  acquisition  and  one 
after)  were  compared  and  no  appreciable  change  was  evident,  the  data  reduction  was 
continued.  The  raw  data  in  volts  were  then  reduced  to  actual  probe  pressures  (Pl- 
PATM,  P1-P2,  P1-P3,  P2-P3)  and  temperatures.  These  pressures  were  then  converted  to 
profile  pressures  using  calibration  coefficients  obtained  in  previous  probe 
calibrations.  The  total  and  static  pressures  and  Mach  number  of  the  free-stream 
airflow  were  calculated  from  the  following  relations. 


Static  Pressure 

From  Equation  2 


PT-PS 


(P1-P2)  +  (P1-P3) 
2 (CPS) 


(3) 


where  PI,  P2,  P3  are  probe  measured  pressures  indicated  in  Figure  4.  Also  from 
Equation  1: 


PS  =  Pl-CPT  X  (PT-PS) 


(4) 


Since  PI  is  not  measured  directly,  the  equation  must  be  rewritten  as  follows: 


PS  -  (Pl-PATM)  -  CPT  X  (PT-PS)  +  PATO  (5) 

The  final  form  is  found  by  substituting  Equation  3  into  Equation  5. 


PS  =  (Pl-PATM)  -  CPT  X  <PT-P2)  ^+^^P1-P3)  ^ 


Total  Pressure; 


PT  =  PS  +  (PT-PS) 


Substitute  Equation  3  into  this  identity: 


PT  »  PS  + 


(P1-P2)  +  (P1-P3) 


2 (CPS) 
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(6) 


(7) 


(8) 


A 
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Combining  this  with  Equation  6 


PT  =  (Pl-PATM)  +  (I-CPT)  +  PATM  (9) 

Mach  Number 

The  Mach  number  is  calculated  assuming  isentropic  ideal  gas 
conditions  from  the  following  equation: 


(10) 


The  data  acquisition  software  flow  chart  detailing  the  steps  taken  and  decisions 
made  during  the  test  is  shown  in  Figure  8.  A  complete  program  listing  is  shown  in 
Appendix  A. 


c.  Data  System  Uncertainty  and  Verification 

The  data  system  was  optimized  to  obtain  a  theoretical  acquisition 
uncertainty  of  +1  percent  over  the  range  of  total  and  static  pressures  measured  by 
the  probe  sensing  ports.  The  total  and  static  pressures  measured  by  the  wedge  probe 
ranged  from  18  to  46  psi  and  17  to  34  psi,  respectively.  The  data  uncertainty 
analysis  involved  the  development  of  uncertainty  criteria  for  the  system  defined  as 
a  function  of  component  uncertainties  and  weighting  functions,  as  described  in 
Reference  5.  During  the  development  of  the  data  system,  it  was  determined  that  an 
on-line  calibration  of  the  pressure  transducers  was  required  to  reach  the  goal  of  +1 
percent  uncertainty  over  the  complete  range  of  measured  pressures.  Data  uncertainty 
for  the  system  described  in  Section  VI. 2. a  is  shown  in  Table  2  for  pressures  in  the 
range  of  interest  with  an  on-line  calibration  and  a  maximum  of  2°C  change  in 
temperature  between  calibration  times.  Details  of  the  uncertainty  analysis 
procedure  are  given  in  Appendix  B. 

The  correct  operation  of  the  data  system  was  verified  by  placing  known 
pressures  on  the  wedge  probe  tubing  for  PI  thru  P3.  These  pressures  were  supplied 
by  a  dead-weight  tester.  The  reduced  data  printed  out  were  crosschecked  with  the 
pressure  input  to  assure  proper  function  of  the  data  acquisition  system.  The  system 
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TABLE  2 

DATA  ACQUISITION  SYSTEM  UNCERTAINTY 

Uncertainty  Uncertainty 

Total  Pressure  Psig  (Percent  of  Reading)  Static  Pressure  Psig  (Percent  of  Reading) 


2.26 

2.3 

1.75 

3.1 

4.52 

1.2 

3.33 

1.8 

6.26 

1.0 

3.97 

1.7 

10.45 

.7 

6.95 

1.2 

12.91 

.6 

8.85 

1.0 

16.24 

.5 

11.52 

.9 

18.57 

.5 

13.05 

.8 

20.23 

.4 

14.40 

.8 

21.56 

.4 

14.85 

.9 

24.23 

.5 

15.74 

1.0 

26.89 

.5 

17.07 

1.0 

29.55 

.5 

18.40 

1.0 

30.88 

.5 

19.11 

1.0 

32.21 

.4 

20.18 

1.0 

33.55 

.5 

20.18 

1.0 

36.21 

.5 

21.73 

1 .0 
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produced  reduced  data  for  the  dead-weight  tester  input  pressure  within  the 
uncertainty  of  percent.  This  verification  was  performed  over  the  complete  range 
of  pressures  to  be  measured. 

3.  DATA  ACQUISITION 

The  data  acquisition  system  was  transported  to  Pratt  and  Whitney  Aircraft 
Group,  Government  Products  Division.  The  test  was  undertaken  at  one  of  the  sea 
level  engine  test  stands  at  P&WA.  The  engine  used  in  the  test  was  an  F100(3), 

Serial  Number  P072.  The  traverse  actuation  system  was  installed  on  the  engine  at 
the  2.5  station,  and  the  wedge  probe  was  inserted  and  aligned.  The  remainder  of  the 
data  acquisition  system  was  prepared  for  the  test  in  a  temporary  data  acquisition 
room  next  to  the  the  test  cell.  After  all  data  system  preparations  and  engine 
check-outs  were  completed,  testing  began. 

The  test  plan  was  to  acquire  12  data  points  across  the  span  of  the  core  duct  at 
the  2.3  and  the  2.5  positions,  as  described  in  Figure  9  and  Table  3.  These 
traverses  were  duplicated  for  fan  speeds  of  9,500,  8,500,  6,500  and  4,500  RPH.  When 
the  engine  had  stabilized  at  the  desired  speed,  the  data  taking  process  began  by 
translating  the  wedge  probe  to  the  desired  position.  A  schedule  for  these  positions 
is  shown  in  Table  C-1,  Appendix  C.  The  wedge  probe  was  then  rotated  until  a  zero 
difference  was  achieved  between  pressures  P2  and  P3.  Nulling  was  performed  with  the 
use  of  a  direct  reading  digital  voltmeter.  To  initialize  the  data  acquisition 
program,  atmospheric  pressure  and  temperature,  engine  fan  and  core  speed  were 
entered  into  the  Hewlett  Packard  9825T  calculator.  At  the  start  of  the  program,  the 
traverse  positions  and  wedge  probe  total  temperature  were  initially  measured.  The 
calculator  then  controlled  the  scanivalve  to  obtain  the  pressures  shown  in  Table  1. 
After  the  pressure  data  were  recorded,  the  traverse  position  and  wedge  probe 
temperature  were  again  measured  to  determine  if  any  changes  had  occurred  during  the 
data  acquisition.  The  calibration  constants  obtained  before  and  after  the  data 
measurements  were  compared  to  each  other  and  to  off-line  calibration  constants 
measured  before  the  experiment.  If  this  comparison  was  to  within  .05  percent  of 
slope  and  intercept,  the  data  were  accepted  and  the  calculator  would  reduce  the  data 
to  engineering  units.  The  following  reduced  data  were  printed  out  on-line  after 
each  point. 
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Figure  9.  Spanwise  Measurement  Locations 
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TABLE  3 

RADIAL  LOCATION  FOR  TRAVERSE  PROBE  STOPS 


Station  2.3 


Station  2.5 


Distance  from  Centerline  in. 

Distance  from  Ceni 

I.D. 

10.09 

8.75 

•'A" 

10.332 

9.034 

MgM 

10.575 

9.318 

II  C« 

10.817 

9.602 

IIQII 

11.059 

9.885 

n£ii 

11.302 

10.169 

Mpll 

11.544 

10.453 

HQ" 

11.786 

10.737 

“H" 

12.028 

11.021 

II  J  H 

12.271 

11.305 

MJII 

12.513 

11.588 

"K" 

12.755 

11.872 

"1^11 

12.998 

12.156 

a 
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Time  of  day  -  obtained  from  internal  clock 


■  Point  Number 

■  Patm 


■  Maximum/minimum/average  for  Pl-Patm,  P1-P2,  P1-P3  in  psid 

~  Fan  and  core  speed. 

■  Traverse  radial  position  and  degree  of  rotation  and  their  respective 
percent  changed  during  data  taking 

-  TT,  PT,  PS,  Mach  Number,  Swirl  Angle 

During  each  data  point,  the  program  stored  the  following  on  tape: 

-  All  individual  points 

-  Both  sets  of  calibration  constants 

-  Values  printed  out  in  the  short  form  printout  mentioned  above 

The  procedure,  starting  with  translating  the  wedge  probe,  was  then 
duplicated  for  all  12  positions  of  the  core  inlet  span.  When  a  complete  traverse  was 
accomplished,  the  engine  speed  was  changed  and  allowed  to  stabilize.  The  complete 
process  of  acquiring  the  traverse  points  was  repeated.  This  was  done  for  four  engine 
speeds  at  the  2.5  position  and  two  engine  speeds  at  the  2.3  position.  Time 
constraints  forbid  acquisition  of  data  at  the  two  other  engine  speeds  for  the  2.3 
position. 


The  total  time  required  to  obtain  the  72  data  points  was  approximately  six 
hours.  No  unforeseen  problems  were  encountered  during  the  data  acquisition  phase  of 
this  test. 


4.  RESULTS  AND  DISCUSSION 

The  high  pressure  compressor  entrance  profiles  measured  during  the 
experimentation  are  shown  in  Figures  10  through  21.  The  tabular  data  obtained  in 
this  test  are  presented  in  Tables  C-2  and  C-3,  Appendix  C.  For  each  plotted 
parameter,  there  are  four  profiles  shown  for  measurennents  at  the  2.5  location.  In 
addition,  two  profiles  taken  at  2.3  location  of  that  same  parameter  are  shown  for 
comparison. 


MACH  NQ. 


ure  12.  Core  Entrance  Profile  of  Mach  Number  at  Station  2.5  in  F100(3)  Engine  P072 


MACH  NO. 

Core  Entrance  Profile  of  Mach  Number  at  Station  2.3  in  F100(3)  Engine  P072 
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TO  EXHAUSTERS 

Figure  23.  Airflow  Control  Schematic 


jcting  the  inlet  hardware  to  the  exhauster  facility  in  the  basement  of  Building 

Preliminary  test  indicated  that  two  Ingersol  Rand  exhausters  connected  in  parallel 
i  draw  airflows  through  the  chamber  up  to  approximately  60  Ibm/sec.  The  flow 
s  through  the  inlet  hardware  were  controlled  by  three  valves,  as  shown  in  Figure 

These  valves  were  actuated  pneumatically  from  the  test  cell  control  room  by  the 
uster  control  panel,  shown  in  Figure  24.  A  filter  house  was  provided  at  the 
t  hardware  bellmouth  to  reduce  particulate  build-up  on  the  instrumentation. 

TEST  ARTICLE 

The  CRF/FIOO  inlet  hardware  utilized  for  this  program  was  designed  and  manufactured 
ratt  and  Whitney  Aircraft  for  the  core  compressor  test  program.  During  the  inlet 

profile  tests,  the  core  compressor  module  was  not  connected  to  the  inlet  hardware, 
core  was  separated  from  the  inlet  at  the  rear  flange  of  the  intermediate  case, 
efore,  the  test  article,  as  defined  for  this  program,  consisted  of  the  following: 

(1)  Bellmouth  Nose  Cone  Assembly 

(2)  Screen  Holder  Assembly 

(3)  Preswirl  Vane  Row 

(4)  Inlet  Adaptor  Duct 

(5)  Intermediate  Case 

f6)  Diffuser  Cone 

(7)  Facility  Adaptation  Ring 

hematic  of  the  hardware  is  shown  in  Figure  25.  The  hardware  was  designed  and 
ifactured  early  in  the  CRF/FlOO  contract  effort  so  inlet  profile  verifications 
d  be  completed  before  compressor  test  article  assembly. 

a.  Facility  Adaptation  Ring  and  Diffuser  Cone 

An  adapting  ring  was  required  to  connect  the  intermediate  case  rear  flange 
he  test  chamber.  This  ring  was  designed  to  minimize  flow  path  distortion  from 
intermediate  case  inlet  guide  vane  (IGV)  exit  to  the  entrance  of  the  chamber, 
fas  also  designed  to  support  the  test  article  without  the  need  of  external  supports, 
adaptation  ring  installed  on  the  test  article  is  shown  in  Figure  26.  In  another 
irt  to  minimize  losses  from  the  intermediate  case  to  the  large  test  chamber  opening, 
berglass  diffuser  cone  was  designed.  The  diffuser  cone  (shown  in  Figure  26)  was 
iched  to  the  intermediate  case  bearing  housing  through  an  interface  ring  shown  in 
ire  27.  With  the  adaptation  hardware,  the  intermediate  case  and  diffuser  assembly 
d  be  installed  on  the  front  flange  of  the  test  chamber,  as  shown  in  Figure  28. 
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SECTION  III 

EXISTING  PRESWIRL  VANE  TEST 


.  GENERAL  REQUIREMENTS 

Review  of  the  F100{3)  engine  HPC  inlet  pressure  and  swirl  angle  profiles  indicated 
1  new  preswirl  vane  (PSV)  design  would  be  required  to  obtain  such  profiles  in  the 
;RF/F100  inlet.  Existing  vanes  available  from  a  previous  FlOO  core  compressor  test 
described  in  Reference  7)  would  not  provide  the  profiles  detailed  in  Section  II. 4. 
he  existing  preswirl  vanes  were  tested  primarily  to  debug  the  data  acquisition  system 
ind  test  method  for  the  future  modified  vane  tests.  They  were  also  tested  to  determine 
;he  swirl  profiles  they  produced.  The  test  required  that  the  existing  preswirl  vanes 
le  installed  in  inlet  hardware  designed  for  the  CRF/FIOO.  This  hardware  was  then 
nstalled  in  a  flow  test  cell  in  the  Aero  Propulsion  laboratory  at  Wright-Patterson 
iir  Force  Base.  The  facility  provided  compressor  corrected  mass  flow  rates  equivalent 
;o  those  encountered  in  the  engine  test.  With  these  airflows,  swirl  profiles  resulting 
Tom  the  existing  vanes  were  measured  at  station  2.5  and  compared  with  those  detailed 
in  Section  II. 4.  Section  III  defines  the  inlet  hardware  and  test  facility.  It  also 
letails  the  changes  required  in  the  data  acquisition  system  described  in  Section 
.1.2  to  accommodate  this  test. 

2.  TEST  FACILITY 

A  facility  that  could  provide  54  Ibs/sec  corrected  mass  flow  through  the  CRF/FIOO 
inlet  hardware  was  necessary  to  determine  the  swirl  angle  and  Mach  number  profiles 
generated  by  the  existing  vanes.  Preliminary  testing  of  an  engine  test  cell  in  Room 
24,  Building  IBE  of  the  Aero  Propulsion  Laboratory  indicated  that  it  could  provide 
the  necessary  flow  capacity.  Modifications  to  this  engine  test  facility  were  required 
to  accommodate  the  CRF/FIOO  inlet  hardware.  The  facility  was  equipped  with  an  altitude 
chamber  that  provided  altitude  and  increased  Mach  number  engine  testing.  The  altitude 
chamber  was  not  required  for  the  CRF/FIOO  inlet  duct  test  because  the  capability  for 
ram  air  conditions  do  not  currently  exist  in  the  CRF.  Therefore,  the  inlet  hardware 
vas  mounted  on  the  inlet  flange  outside  of  the  chamber  to  make  easy  access  to  the 
hardware,  as  shown  in  Figure  22.  The  chamber  was  used  as  a  large  diameter  pipe 
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Inlet  preswirl  vanes  will  be  used  to  simulate  the  entrance  swirl  angle 
profiles,  while  a  series  of  screens  will  be  used  to  simulate  the  total  pressure 
profiles.  Since  the  CRF  currently  has  no  temperature  distortion  capability,  no 
attempt  will  be  made  to  simulate  the  temperature  profiles. 
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The  largest  change  between  the  two  axial  locations  occurred  in  the  swirl  angle 
profiles.  Swirl  angle  is  defined  as  90  degrees  minus  the  angle  of  flow  with  respect 
to  the  engine  axis.  This  10-15  degree  change  to  a  more  axial  flow  at  the  2.5  location 
is  probably  a  result  of  the  eight  radial  structural  supports  in  the  intermediate 
case  between  the  2.3  and  2.5  locations  of  the  FlOO  engine.  The  swirl  angle  profile 
at  the  2.5  location  remained  relatively  constant  throughout  the  speed  range  of  the 
engine,  varying  only  +2.5  degrees  from  an  average  swirl  angle  profile.  However, 
across  the  flow  path,  the  swirl  angle  varies  as  much  as  13  degrees.  It  is  possible 
that  this  spanwise  variation  is  due  to  variable  angle  of  attack  on  the  struts  at  the 
different  spanwise  locations.  The  angle  of  attack  variations  can  result  in  stalling 
of  the  intermediate  case  struts  at  different  spanwise  locations.  This  stalling  would 
also  result  in  an  inlet  distortion  to  the  compressor  thereby  reducing  performance. 
Stalling  of  the  struts  can  be  the  reason  for  this  spanwise  swirl  angle  variations. 

The  limited  amount  of  data  obtained  prohibits  conclusive  proof  of  that  phenomenon. 

It  is,  therefore,  only  suggested  as  a  possible  explanation  of  the  phenomenon. 

The  mass  average  value  of  the  plotted  parameters  in  the  other  profiles  should 
be  the  same  for  both  the  2.3  and  2.5  locations  since  the  flow  area  at  each  location 
is  the  same  to  within  1  percent  and  no  energy  is  intentionally  added  or  removed  from 
the  airflow.  The  variations  in  the  2.3  and  2.5  profiles  that  exist  at  the  nominal 
4,700  RPM  engine  speed  are  due  to  a  slightly  lower  engine  speed  while  the  2.3  location 
data  were  taken  than  when  the  2.5  data  were  obtained.  The  variations  between  the 
two  locations  at  the  higher  engine  speed  is  probably  a  result  of  higher  uncertainty 
in  the  pressure  reading  due  to  the  fluctuation  caused  by  the  fan  rotor,  as  indicated 
in  References  3  and  5, 


The  engine  profiles  that  were  obtained  in  this  experiment  will  be  used  as  a 
design  tool  to  obtain  simulated  profiles  In  a  subsequent  high  pressure  compressor 
test.  Even  though  the  effects  of  probe  blockage  and  probe  wall  interactions  do  exist, 
these  effects  will  be  the  same  in  both  the  engine  test  and  the  compressor  test  since 
the  hardware  is  approximately  the  same.  The  significant  effect  that  cannot  be  simulated 
will  be  the  fluctuation  effects  of  pressure,  swirl  angle  and  temperature  resultit 
from  the  rotating  fan  blades.  The  profiles  measured  at  the  2.5  location,  approximately 


four  mean  chord  diameters  downstream  from  the  last  rotor  row  of  the  fan,  should  be 
relatively  unaffected  by  these  fluctuations,  as  indicated  in  Reference  6. 
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»T/PT<AVC) 


at  Station  2.3  In  F100(3)  Engine  P072 
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PT/PT  <AVG> 

Figure  20.  Core  Entrance  Profile  of  PT/PT(AV6)  at  Station  2.5  In  F100(3)  Engine  P072 


PS  (PSIA) 

Figure  17.  Core  Entrance  Profile  of  Static  Pressure  at  Station  2.3  In  F100(3) 
Engine  P072 
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Figure  16.  Core  Entrance  Profile  of.  Static  Pres';'**e  at  Station  2.5  in  F100(3) 
Engine  P072 
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Figure  25.  CRF/FlOO  Inlet  hardware  Schematic 
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b.  Intermediate  Case  and  Inlet  Adapter  Duct 

The  intermediate  case  for  the  CRF/FIOO  test  article  is  an  FIDO  Series  2 
intermediate  case.  This  is  not  the  same  case  as  was  on  the  engine  (S/N  P072)  discussed 
in  Section  II.  The  differences  between  these  two  designs  will  be  discussed  later  in 
this  report. 

The  Series  2  intermediate  case  assembly  consists  of  an  8  strut  compressor 
shaft  support  ring  and  a  90  vane  inlet  guide  vane  assembly.  The  support  struts  are 
airfoil  shapes  positioned  at  a  20  degree  angle  of  attack  from  the  axial  position. 

The  intermediate  case  mounted  to  the  test  chamber  is  shown  in  Figure  29.  Measurement 
locations  were  provided  at  axial  station  2.5  for  wedge  probe  traverse  between  all  8 
support  struts,  defined  as  octants  1  through  8  clockwise  looking  forward.  Three  2.3 
traverse  locations  were  also  available.  The  inlet  adapter  duct  provides  for  transition 
from  the  intermediate  case  splitter  leading  edge  to  the  preswirl  vane  assembly. 

c.  Preswirl  Vane  Assembly  and  Screen  Holder 

The  existing  preswirl  vanes  (PSV)  were  installed  in  a  support  ring  that 
allowed  for  simultaneous  actuation  of  the  vanes  through  a  sync  ring  assembly.  The 
vane  row  consisted  of  40  rotatable  vanes.  The  vanes  installed  in  the  support  ring 
are  shown  in  Figure  30.  Vane  position  was  determined  for  this  test  by  a  vernier 
angle  indicator  attached  to  one  of  the  vanes.  The  PSV  leading  edge  is  axial  for  a  20 
PSV  setting.  The  detailed  vane  design  is  shown  in  Figure  31. 

The  button  end  is  positioned  at  the  flow  path  I.D.  wall.  The  threaded  end 
allows  for  attachment  to  the  sync  ring.  The  screen  holder  assembly  was  designed 
such  that  the  screen  pattern  could  be  rotated  for  distortion  testing  if  necessary. 
Circumferential  distortion  variations  were  not  part  of  this  program  so  this  feature 
of  the  screen  holder  was  not  utilized.  The  screen  holder  assembly  was  designed  with 
12  screen  support  struts  and  attached  to  the  vane  assembly,  as  shown  in  Figure  32. 

The  desired  screen  pattern  was  attached  with  wire  to  the  screen  holder  struts.  The 
preswirl  vane  and  screen  holder  assemblies  are  attached  to  the  inlet  adapter  duct 
described  in  Section  III.3.b. 

b.  Bellmouth  Nose  Cone  Assembly 

To  assure  a  smooth  flow  transition  into  the  screen  holder  assembly,  a 
bellmouth  and  nose  cone  were  required.  The  nose  cone,  which  provided  for  a  smooth 
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Figure  32.  Screen  Holder  Assembly 
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inner  flow  path  wall,  was  supported  by  the  slip  ring  assembly  mount  shown  in  Figure 
33.  The  slip  ring  was  not  required  for  this  test  as  the  compressor  was  not  attached. 
The  nose  cone  designed  by  P&WA  was  Installed  over  the  slip  ring  assembly  mount,  as 
shown  in  Figure  34.  To  provide  the  outer  flow  path  inlet  transition,  a  long  throat 
elliptical  fiberglass  bellmouth  was  designed  and  manufactured  by  P&WA.  The  bellmouth 
was  positioned  to  the  nose  cone  through  the  use  of  four  tie  rods,  as  shown  in  Figure 
35.  These  tie  rods  were  not  supporting  members.  They  were  for  positioning  and 
stability  only  during  the  test.  The  filter  house  was  connected  to  the  bellmouth 
entrance  to  complete  the  test  set  up.  figure  36  shows  the  entire  inlet  installed  on 
the  test  chamber  with  the  filter  house  attached.  This  test  configuration  was  used 
for  the  remaining  test  programs.  Minor  changes  were  made  between  test  periods  and 
are  detailed  in  their  respective  sections  of  this  report. 

4.  DATA  ACQUISITION  SYSTEM 

The  data  required  for  this  test  were  the  same  as  obtained  in  the  engine  test 
described  in  Section  II.  The  magnitudes  of  the  pressures  and  temperatures  were 
reduced  from  the  levels  obtained  in  the  engine  test.  Swirl  measurements  were  not 
affected.  The  Room  24  test  facility  created  absolute  pressure  measurements  In  the 
inlet  hardware  which  were  less  than  atmospheric  because  exhausters  were  used  as  the 
air  flow  source.  The  above  atmospheric  pressures  encountered  in  the  engine  were  due 
to  the  fan  upstream  of  the  core  compressor.  The  reduced  pressures  encountered  during 
this  test  required  data  acquisition  system  changes.  Additional  measurement  require¬ 
ments  for  this  test  also  resulted  in  data  acquisition  system  changes  from  the  engine 
test  system  (Section  II. 2).  Temperature  measurements  were  obtained  although  no 
analysis  or  comparison  with  engine  data  were  performed.  Temperature  distortion 
capabilities  are  not  currently  available  in  the  CRF.  All  data  acquisition  system 
changes  are  detailed  in  the  following  subsections. 

a.  Hardware  Modifications 

All  data  acquisition  hardware  used  during  engine  testing  at  Pratt  and 
Whitney  Aircraft  was  transferred  back  to  Wright-Patterson  Air  Force  Base  and  installed 
in  the  Room  24  test  facility  described  in  Section  III. 2.  To  accommodate  the  test  at 
the  facility,  additions  and  changes  were  made  to  the  data  acquisition  hardware 
previously  described  in  Section  II. 2. a.  A  schematic  of  the  Room  24  test  facility 
data  acquisition  system  is  shown  in  Figure  37.  Additions  required  to  the  original 
system  are  indicated  by  the  dotted  lines.  A  Hewlett  Packard  (Model  2804A)  quartz 
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Figure  33.  Slip  Ring  Support  Assembly 


Figure  34.  Nose  Cone  Installation 
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mometer  was  added  to  the  system  to  provide  additional  temperature  information 
use  in  corrected  flow  calculations.  The  quartz  probe  (Model  18110A)  was  mounted 
he  positioning  strut  of  the  nose  cone,  as  shown  in  Figure  38. 

The  output  of  the  probe  required  amplification  by  a  1810A  line  amplifier, 
to  the  distance  from  the  test  article  to  the  control  room  where  the  temperature 
recorded. 

Wall  static  pressure  measurements  in  addition  to  those  obtained  from  the 
e  probe  were  added  to  monitor  test  facility  flow  rates.  A  bellmouth  wall  static 
sure  measurement  (P4)  and  a  station  2.5  O.D.  wall  static  measurement  (P5)  were 
ched  to  the  scanivalve.  These  measurements  were  necessary  to  assist  in  setting 
maintaining  the  required  mass  flow  rates  during  data  acquisition  periods. 

The  pressure  transducers  used  during  Phase  I  of  this  program  were  replaced 
wo  Druck  model  PDCR22  pressure  transducers  with  ranges  of  0-1  and  0-5  psid, 
actively.  This  change  was  necessary  due  to  the  lower  pressure  differentials 
untered  in  this  test  facility  as  opposed  to  the  engine  test.  Measurements  of 
e  low  differentials  on  the  transducers  used  in  the  engine  test  would  have 
romised  the  uncertainty  goals.  The  lower  range  transducers  provided  the 
ssary  component  uncertainty  to  maintain  the  +1  percent  overall  system 
rtainty.  Bench  calibrations  for  the  new  transducers  are  shown  in  Table  D-1, 
ndix  D.  These  indicate  linear  response  in  the  range  of  pressures  measured, 
sure  measurements  were  connected  to  the  scanivalves  as  shown  in  Figure  39. 

The  scanivalves  were  replaced  by  model  J-9  scanivalves  which  provide  for 
r  pressure  differential  measurement  capability.  Initial  testing  in  Room  24,  at 
r  pressure  differentials  than  obtained  in  the  engine  test,  indicated  on-line 
bration  errors.  Differences  in  on-line  calibration  before  and  after  a 
urement  were  noted.  The  problem  was  traced  to  the  oil  filled  type  scanivalve 
g  used.  The  lubricating  oil  leaked  into  the  pressure  sensing  channel,  resulting 
lockage  of  the  depressurization  port.  The  low  pressure  differentials  measured 
unable  to  keep  this  port  clear,  thus  resulting  in  false  readings.  The  model 
scanivalves  were  graphite  lubricated  and  thus  eliminated  the  problem. 

The  traverse  actuation  system  was  adjusted  after  the  engine  test  to  acquire 
sr  response.  Due  to  this  change,  it  was  recalibrated  by  the  same  procedures 
iled  in  Section  II. 2.  The  results  of  this  calibration  are  shown  in  Figures  D-1 
igh  D-4,  Appendix  D.  The  new  calibration  constants  were  incorporated  into  the 
acquisition  software. 


51 


52 


SIGNAL  CONDITIONING 


-84-2030 


SECTION  IV 

MODIFIED  PRESWIRL  VANE  AND  SCREEN  TEST  (PHASE  I) 

ERAL  REQUIREMENTS 

was  previously  indicated,  a  modified  preswirl  vane  and  screen  design  was 
to  more  accurately  duplicate  the  total  pressure  and  swirl  angle  profiles 
d  in  Section  II. 4.  The  vanes  and  screens  to  achieve  these  measured  profiles 
ligned  by  Pratt  &  Whitney  Aircraft  and  tested  in  the  CRF/FIOO  inlet  duct  test 
defined  in  Section  III. 3.  The  following  subsections  describe  the  preswirl 
I  screen  design,  the  test  procedures  and  test  results. 

;SWIRL  VANE  AND  SCREEN  DESIGN 

better  simulate  the  fan  discharge  swirl  profiles,  a  new  preswirl  vane  row 
CRF/FIOO  was  designed  by  Pratt  &  Whitney  Aircraft,  Government  Products 
1.  The  new  vane  design  was  compatible  with  existing  inlet  hardware  defined 
ion  I I I. 3.  Therefore,  there  are  no  changes  to  the  flow  path  or  the  number  of 
•scribed.  The  modified  preswirl  vanes  were  designed  from  the  total  pressure 
-1  angle  profiles  measured  at  the  2.3  location  in  the  FIDO  S/N  P072  engine, 
suggested  by  P&WA  that  these  profiles  measured  at  the  2.3  location,  which  is 
n  of  the  8  intermediate  case  support  struts,  would  provide  a  better  design 
)n  than  the  profiles  measured  at  station  2.5.  It  was  assumed  if  the  station 
Files  could  be  duplicated  in  the  inlet  hardware,  the  station  2.5  profiles 
Iso  be  duplicated.  During  the  design  process,  factors  were  taken  into 
to  compensate  for  the  fact  that  the  engine  station  2.5  profiles  were 
J  in  a  Series  3  intermediate  case,  and  the  CRF/FIOO  inlet  hardware  has  a 
?  intermediate  case.  The  difference  between  these  cases  is  shown  in  Figure 

•  Series  3  case  has  a  slightly  more  bulged  flow  path  than  the  Series  2  case, 
"all  program  goal  was  to  design  preswirl  vanes  and  screens  that  provide 

2.5  (compressor  entrance)  profiles  similar  to  those  measured  in  the  engine; 
"e,  the  differences  in  intermediate  cases  required  consideration. 

•  preswirl  vanes  were  designed  to  generate  a  swirl  distribution  profile 
from  those  measured  in  the  engine,  as  shown  in  Figure  50  (taken  from 

:e  8).  Restaggering  of  the  vanes  with  the  sync  ring  assembly  was  anticipated 
»ve  the  profiles  at  the  low  and  high  speed  ranges. 
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SWIRL  ANGLE  (90-AXIAL) 

e  48.  Original  Preswirl  Vane  Station  2.5  Swirl  Distribution  (Vane  Angle  =  33 
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SWIRL  ANGLE  (90-AXIAL> 

Figure  45.  Original  Preswirl  Vane  Station  2.5  Swirl  Distribution  (Vane  Angle  = 
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(9)  During  each  data  point,  the  program  stored  the  following  on  tape: 

-  All  individual  average  value  points  (raw  data) 

-  Both  sets  of  calibration  constants 

-  Valves  printed  out  in  the  short  form  printout  mentioned  above 
6.  RESULTS 

The  swirl  angle  profiles  measured  during  this  phase  of  testing  are  shown  in 
Figures  41  through  48,  the  tabulated  data  is  shown  in  Table  D-2,  Appendix  D.  Measured 
swirl  profiles  for  the  four  selected  midspan  Mach  number  flow  rates  are  superimposed 
with  the  swirl  profiles,  measured  at  the  same  location  (Station  2.5)  and  respective 
flow  rate,  for  the  FlOO  engine  S/N  P072.  All  vane  angle  settings  from  0  to  33  degrees 
indicate,  as  was  previously  anticipated,  inadequate  duplication  of  measured  engine 
profiles. 

They  also  indicate  less  than  a  three  degree  variation  in  swirl  angle  over  the 
complete  range  of  flows  tested.  Therefore,  future  testing  of  the  modified  preswirl 
vanes  was  accomplished  without  varying  the  flow  rates  over  the  complete  range  of 
engine  operation. 

The  primary  goal  of  this  test  phase  of  checking  out  the  data  acquisition  process 
was  accomplished,  and  the  system  was  ready  for  future  modified  vane  testing  with 
little  change. 
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TABLE  5 


TRAVERSE  CONTROL  SETTINGS 


TRAVERSE 

TRAVERSE 

MEASUREMENT 

PERCENT 

LINEAR 

DEPTH 

PORT 

POSITION 

SPAN 

VOLTS 

(IN.) 

DEPTH  (IN.) 

0 

6.8 

-.052 

0.0 

0.25 

1 

7.7 

-.134 

.034 

0.284 

2 

15.4 

-.819 

0.318 

0.568 

3 

23.1 

-1.505 

0.602 

0.852 

4 

30.8 

-2.187 

0.885 

1.135 

5 

38.5 

-2.873 

1.169 

1.419 

6 

46.2 

-3.558 

1.453 

1.703 

7 

53.8 

-4.243 

1.737 

1.987 

8 

61.6 

-4.928 

2.021 

2.271 

9 

69.2 

-5.614 

2.305 

2.555 

10 

76.9 

-6.297 

2.588 

2.838 

11 

84.6 

-6.982 

2.872 

3.122 

12 

92.3 

-7.667 

3.156 

3.406 

AT  SPLITTER  13 

100.0 

-8.352 

3.440 

3.69 

(6)  Option  to  either  reduce  printout  and  store  the  data,  or  return  to  step  2 

(7)  Short  form  printout.  Reduce  data  and  print  out  the  following  in 
engineering  units: 

-  Time  of  day  -  to  be  obtained  from  internal  clock 

-  Date 

-  Point  number 

-  Values  for  Pl-PATM,  P1-P2,  P1-P3,  P2-P3,  P4-PATM,  P5-PATM  in  psid 

-  Tl,  Tatm  °F,  traverse  positions  in  percent  span  and  degree  of  rotation 

-  TT,  PT,  PS,  Mach  Number,  swirl  angle 

(8)  Plot  Data 

As  the  experiment  proceeds,  the  following  parameters  were  plotted  as  a 
function  of  percent  span  (traverse  position) 

-  Mach  number 

-  Swirl  angle 
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test  was  position  2.5  midspan  Mach  number.  With  this  continuous  readout  of  Mach 
number,  the  exhauster  control  valves  could  be  adjusted  to  obtain  the  flows  matching 
the  engine  test. 

A  statement  was  added  to  the  software  which  read  the  HP  2804A  quartz 
thermometer  through  an  IEEE  interface.  Provisions  were  also  added  to  accommodate 
the  measurement,  calculation  in  engineering  units,  and  printout  of  the  bellmouth  and 
station  2.5  wall  static  pressures  for  each  data  point.  The  output  format  for  the 
on-line  printout  was  also  modified.  An  example  of  this  printout  is  shown  in  Figure 
D-5,  Appendix  D. 

5.  DATA  ACQUISITION 

After  completion  of  test  article  installation,  data  acquisition  system  changes 
and  check-out,  the  traverse  actuation  system  was  mounted  to  the  inlet  hardware  at 
Station  2.5.  The  alignment  procedures  followed  are  described  in  Section  II. 2. a. 

The  test  plan  was  to  acquire  12  data  points  across  the  span  of  the  intermediate 
case  at  the  2.5  position.  The  spanwise  locations  and  corresponding  traverse  control 
voltages  are  shown  in  Table  5.  Four  different  midspan  Mach  number  ranges  were  chosen 
to  correspond  to  the  engine  fan  speeds  of  9,500,  8,500,  6,500  and  4,500  RPM.  The 
co»”responding  station  2.5  midspan  Mach  numbers  measured  were  .54,  .45,  .36  and  .28. 

In  addition  to  the  flow  rate  variations,  there  were  PSV  setting  variations.  The 
vane  angles  of  attack  could  be  manually  varied  through  a  sync  ring  device  described 
in  Section  III.3.C.  The  vanes  could  be  varied  over  a  range  of  33  degrees.  Eight 
different  PSV  settings  were  tested.  The  following  is  a  list  of  steps  that  the  data 
taking  and  recording  system  followed. 

(1)  Rotate  wedge  probe  to  null  position. 

(2)  Calibrate  transducers  and  store  calibration  constants  for  high/low 
calibration  reference  pressure. 

(3)  Take  average,  maximum,  minimum,  and  deviation  from  36  data  points  each  of 
P5-PATM,  P4-PATM,  P1-P2,  P1-P3,  P2-P3.  Take  one  data  point  of  Tl,  Tatm,  and  traverse 
(radial  and  rotational)  positions  before  and  after  taking  the  raw  data  points. 

(4)  Calibrate  transducers  for  high/low  pressure  again. 

(5)  Print  the  calibration  constants  measured  after  the  data  taking  and  their 
respective  percentage  change  from  before  to  after  data  taking.  Also,  print  out 
percentage  change  of  traverse  positions  mean  and  maximum  variation  of  all  raw  data. 
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The  order  of  pressure  measurement  shown  in  Table  1  was  changed  because 
only  two  transducers  were  required  and  additional  wall  static  measurements  were  made. 
The  revised  order  is  shown  in  Table  4. 


TABLE  4 

PRESSURE  SENSING  ORDER 

Measurement  Order  Transducer 


0-1  psid 

0-5  psid 

1 

0  psid 

0  psid 

2 

1  psid 

5  psid 

3 

0  psid 

P5  -  PATH 

4 

0  psid 

P4  -  PATH 

5 

P2  -  P3 

P3  -  PI 

6 

PI  -  PATH 

P2  -  PI 

7 

1  psid 

5  psid 

8 

0  psid 

0  psid 

9 

P2  -  P3 

0  psid 

This  scheme  provided  for  a  zero  point  and  a  full  range  point  calibration 
of  both  transducers  before  and  after  each  data  point,  as  was  the  case  in  the  previous 
test.  Without  this  method  of  data  acquisition,  the  scanivalve  problem  previously 
mentioned  would  have  gone  undetermined,  resulting  in  erroneous  measurements. 

An  HP  9872B  plotter  was  also  added  to  the  data  system  to  allow  for  plotting 
of  selected  measured  parameters  during  the  data  acquisition  process.  The  data 
acquisition  system  was  installed  in  racks  in  the  control  room  positioned  in  close 
proximity  to  the  exhauster  control  panel,  as  shown  in  Figure  40.  No  other  data 
acquisition  hardware  changes  were  required  for  the  test. 

b.  Software  Modifications 

To  accommodate  the  additional  hardware  and  measurements  added  to  perform 
this  test,  data  acquisition  computer  program  changes  were  required. 

The  basic  data  reduction  equations  remained  the  same  as  those  defined  in 
Section  II. 2. b.  Provisions  were  made  to  calculate  and  display  the  mach  number,  deter¬ 
mined  from  the  wedge  probe,  continuously  before  each  traverse.  This  was  required 
because  the  parameter  chosen  to  match  the  engine  profile  test  and  the  inlet  hardware 
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The  preswirl  vane  was  designed  using  the  test  results  defined  in  Reference  9 
for  6  percent  thick  NACA  63  series  guide  vanes.  A  PSV  setting  of  20  degrees 
positions  the  vane  leading  edge  axially.  To  accomplish  the  turning  required  at  a 
minimum  loss  and  maintain  a  reasonable  vane  camber  distribution,  increased  cord  was 
required.  Details  of  vane  geometry  taken  from  Reference  8  are  given  in  Appendix  E. 
The  final  vane  design  is  shown  in  Figure  51. 

To  simulate  engine  compressor  inlet  total  pressure  profile  in  the  CRF/FIOO,  a 
screen  configuration  was  also  designed  by  P&WA.  The  screen  loss  was  defined  in 
order  to  simulate  the  high  engine  speed  profile  shown  in  Figure  52.  The  screen 
discharge  pressure  profile  was  defined  considering  inlet  end-wall  boundary  layer 
preswirl  vane  loss  and  swirl  distribution  to  obtain  the  required  pressure  profile  of 
station  2.5.  Further  details  of  this  design  can  be  found  in  Reference  8.  The 
screens  defined  by  this  process  are  shown  in  Figure  53.  The  outer  portion  of  the 
screen  from  60  to  100  percent  span  was  a  .16  x  .16  x  .062  mesh,  and  the  inner 
portion  from  29  to  60  percent  span  was  a  .20  x  .20  x  ,062  mesh. 

3.  DATA  ACQUISITION  SYSTEM 

The  data  acquisition  system  utilized  in  this  phase  of  testing  is  described  in 
Section  I I I. 4.  As  a  result  of  previous  test  experience,  some  minor  modifications 
were  performed  to  obtain  more  information.  The  changes  are  detailed  in  the 
following  sections. 

a.  Hardware  Modifications 

During  this  phase  of  testing,  the  modified  preswirl  vanes  described  in 
Section  IV. 2  were  installed  in  the  inlet  hardware  sync  ring  assembly,  as  shown  in 
Figure  54.  The  vanes  were  designed  such  that  20  degrees  of  actuation  was  available 
during  testing.  All  traverse  and  instrumentation  locations  remained  the  same  as  the 
previous  phase  of  testing.  A  station  2.5  engine  total  pressure  rake  (Figure  55)  was 
installed  in  octant  three  of  the  intermediate  case  for  use  in  calculating  the 
station  2.5  corrected  mass  flow  on-line.  This  was  required  for  future  data 
comparisons.  The  five  compressor  rake  measurements  were  plumbed  together  to  obtain 
an  aerodynamic  average  total  pressure  at  station  2.5.  The  fan  duct  portion  of  the 
rake  was  not  utilized  for  this  test.  Due  to  the  addition  of  this  measurement,  the 
scanivalve  was  reconfigured  (as  shown  in  Figure  56),  where  P6  is  the  station  2.5 
rake  average  pressure. 
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Figure  53.  Phase  I  -  Screen  Configuration 


Figure  54.  Modified  Preswirl  Vane  Installation 
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b.  Software  Modifications 


The  data  acquisition  software  described  in  Section  111,4.2  was  modified  to 
ommodate  the  additional  measurement  and  associated  corrected  mass  flow  calculation, 
station  2.5  corrected  mass  flow  was  determined  in  the  following  manner. 


s  Flow 


m  =  pVA 


For  an  ideal  gas,  this  relation  can  be  expressed  in  the  following  manner 


Mach  Number  can  also  be  expressed  in  terms  of  total  and  static  pressure  by  the 
lationship  defined  in  Equation  10.  Therefore  Equation  12  becomes  the  following 


y-1/Y' 


Y-l/Y  V2 


Rearranging  Equation  13  the  following  relation  is  obtained 


Using  the  bellmouth  area  at  station  2.0  of  271,8  in^  and  the  values  of  the 
onstants  for  air  at  room  temperature  the  following  relation  is  obtained 


Equation  15  was  used  to  determine  the  actual  mass  flow  where 

PS  =  PATM  -  P4 
PT  =  PATM 


TT  =  Quartz  Thermometer  Temp 
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:ted  Mass  Flow 

le  mass  flow  was  corrected  to  station  2.5  conditions  by  the  following  relation 


Rearranging  Equation  19,  the  corrected  mass  flow  can  be  expressed  as  the 
wing 

m  =  m  (.645)  /TT/PT2  (20) 

corr 

Equation  20  was  used  to  determine  the  corrected  mass  flow  for  the  test  where 

PT2  =  PATH  -  P6  (21 ) 

These  equations  were  incorporated  into  the  data  acquisition  software.  The 
iwing  additional  information  was  added  to  the  on-line  printout  format: 

(1 )  Vane  angle 

(2)  Rake  total  pressure 

(3)  Mass  flow 

(4)  Corrected  mass  flow 

(ample  of  the  output  is  shown  in  Figure  E-6,  /^pendix  E. 

Upon  completion  of  all  required  changes,  the  data  acquiaition  hardware  and 
ifare  was  checked  by  an  end-to-end  veri fication  as  before.  The  process  required  that 
id-weight  tester  pressure  be  applied  to  the  sensing  tubing  of  PI  thru  P5, 
jctively.  Each  time  a  pressure  was  applied,  the  data  acquisition  sequence  was 
iated  and  the  resulting  pressure  printed  out  was  compared  with  the  dead-weight 
>ure  setting.  In  all  cases  the  pressure  compared  with  less  than  the  +1  percent 
'  defined  by  the  uncertainty  analysis.  Therefore,  the  data  acquisition  system 
)repared  for  the  data  acquisition  phase  of  this  test. 
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DATA  ACQUISITION 

The  same  data  acquisition  procedures  described  in  Section  III. 5  were  followed, 
were  acquired  for  preswirl  vane  angle  settings  of  0,  5,  10,  15  and  20  degrees 
lidspan  Mach  number  settings  of  .54  and  .45.  A  midspan  Mach  number  setting  of 
<as  also  obtained  for  vane  settings  of  10,  15  and  20  degrees.  Plots  of  swirl 
;  and  Mach  number  versus  percent  span  were  obtained  on-line  to  aid  in  data 
"ication.  For  further  data  acquisition  confidence,  selected  traverses  were 
ited  on  different  test  days.  These  traverses  indicated  duplication  of  results 
in  the  prescribed  accuracy.  Additional  traverses  were  obtained  at  a  different 
jmferential  location  by  removing  the  traverse  from  octant  eight,  placing  it  into 
it  one,  and  re-establishing  the  required  flow  rate.  The  traverse  and  wedge 
»  was  then  removed  from  the  station  2.5  location  and  placed  at  the  2.3  location 
stain  further  information  for  comparison  with  design  data.  This  information  was 
ssary  because  the  vanes  were  designed  to  produce  the  2.3  profiles,  as  described 
action  IV. 2.  Data  were  obtained  at  the  2.3  location  for  vane  angles  0,  5,  10, 
id  20  degrees  and  flow  rates  corresponding  to  station  2.5  midspan  Mach  number  of 
and  .54.  These  corrected  flow  rates  were  approximately  45  Ib/sec  and  53  Ib/sec, 
actively.  These  flow  rate  settings  were  determined  as  noncritical  in  affecting 
1  distributions  from  previous  test  results.  Therefore,  they  were  adjusted  to 
in  1  Ib/sec  of  the  desired  rate  to  conserve  test  time.  The  station  2.3  and  2.5 
obtained  during  this  phase  of  testing  is  presented  in  tabular  form  in  Table 
Appendix  E. 

DATA  REDUCTION  AND  ANALYSIS 

Further  post  test  data  reduction  was  performed  to  obtain  total  pressure  profile 
s  at  the  2.3  and  2.5  locations.  These  plots  and  selected  swirl  distribution 
s  are  presented  in  Figures  E-7  thru  E-23,  Appendix  E.  These  profiles  were 
ared  with  the  measured  engine  profiles  to  determine  the  adequacy  of  the  screen 
gn. 


An  investigation  of  the  swirl  distribution  provided  at  station  2.5  indicates 
the  modified  preswirl  vanes  did  provide  a  spanwise  swirl  distribution  which 
es  much  more  than  the  one  produced  by  previous  existing  vanes  although  they 
1  did  not  match  the  required  engine  profiles.  Indications  are  that  the  swirl 
ribution  varies  insignificantly  with  flow  rate;  therefore,  it  was  not  considered 


i 
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analysis.  Further  investigation  of  the  swirl  data  indicates  the  overall 
does  not  vary  for  vane  angle  settings  of  0,  5,  10  and  15  degrees;  the 
s  appear  to  only  be  shifted.  Comparison  between  the  profiles  obtained  at  a 
15  degree  PSV  setting  indicated  a  marked  change  in  the  overall  profile,  as 
n  Figure  57.  The  profile  that  was  obtained  for  a  PSV  setting  of  20  degrees 
of  the  profiles  that  was  duplicated,  as  previously  mentioned,  therefore 
ig  that  this  distribution  existed.  Further  investigation  of  the  station  2.3 
IS  for  these  settings  indicate  that  they  approached  the  required  engine 
1  shown  in  Figure  58,  but  did  not  achieve  it.  Streamline  analysis  performed 
.  predict  this  change  in  swirl  distribution  at  station  2.5  for  a  5  degree 
on  in  vane  setting.  This  variation  in  profile  was  perceived  to  be  due  to 
‘paration  on  the  eight  support  struts.  Separation  of  flow  could  explain  the 
(irl  distribution  discussed  in  Section  II. 4.  The  swirl  profile  measured  at 

>  2.5  for  a  vane  setting  of  20  degrees  agreed  more  closely  to  the  engine 
is  than  any  other  profile  produced  thus  far. 

Lation  2.5  total  pressure  profiles  also  indicate  a  considerable  change  with 
igle  variations  from  15  to  20  degrees.  A  reduction  in  total  pressure  results 
lower  50  percent  span  and  increases  in  total  pressure  results  at  the  upper  50 
t  span.  Figure  59  shows  this  variation,  and  it  also  indicates  that  the  20 

>  vane  angle  setting  total  pressure  profile  duplicates  the  engine  data  for  the 
>0  percent  span. 

Ith  these  results  it  was  apparent  that  although  the  modified  preswirl  vanes 
"eens  did  provide  profiles  with  more  variation  than  the  original  vanes,  they 
t  match  the  measured  engine  profiles.  Specifically,  the  swirl  profiles 
»d  less  turning  in  the  midspan  region  and  the  total  pressure  profile  required 
ration  at  the  outer  50  percent  span.  As  indicated  in  the  above  results,  the 
>rofiles  became  more  like  the  engine  swirl  profiles  when  the  vanes  were 
id  from  15  to  20  degrees.  It  was  anticipated  that  further  actuation  above  20 
i  may  lead  to  profiles  even  more  like  those  measured  in  the  engine.  The 
ig  inlet  hardware  configuration  did  not  allow  for  actuation  above  20  degrees 
vane  O.D.  edges  binding  on  the  screen  holder  rotator  ring.  A  recommendation 
le  for  modifications  to  the  vanes  and  screen  holder  assembly  to  allow  for  35 
of  actuation.  Also,  to  provide  for  corrections  for  the  total  pressure 
Ions  at  the  outer  50  percent  span,  it  was  recommended  that  a  screen  be  added 
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to  the  existing  screen,  thereby,  reducing  the  total  pressure  at  the  area  entering 
the  preswirl  vanes.  It  was  anticipated  that  this  would  reduce  the  total  pressure  at 
the  outer  50  percent  span  at  station  2.5.  With  these  reconmendatlons,  an  additional 
phase  of  testing  was  undertaken  to  attempt  to  obtain  Improved  profiles. 
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SECTION  V 

MODIFIED  PRESUIRL  VANE  AND  SCREEN  TEST  (PHASE  II) 

1.  GENERAL  REQUIREMENTS 

In  an  attempt  to  better  simulate  the  measured  P072  engine  profiles  described  In 
Section  I I. 4,  an  additional  test  was  undertaken.  This  test  Incorporated  the 
recommendations  for  Inlet  hardware  Improvements  (Section  IV. 5)  to  determine  If  their 
conclusion  would  result  In  Improved  results.  Additionally,  test  procedures  were 
modified  to  allow  for  Improvements  deemed  necessary  from  previous  test  experience. 

The  following  subsections  describe  the  modifications  made  to  the  Inlet  hardware  and 
to  the  overall  test  procedures.  They  also  detail  results  obtained  from  this  phase  of 
testing. 

2.  PRESWIRL  VANE  AND  SCREEN  MODIFICATIONS 

As  was  recommended  In  the  previous  section,  the  preswirl  vanes  were  modified  by 
P&WA  to  allow  for  Increased  actuation.  This  was  accomplished  through  two 
procedures.  First,  the  O.D.  vane  edges  were  ground  to  eliminate  binding  when  they 
are  actuated  above  20  degrees.  Second,  the  rotating  screen  holder  assembly  described 
In  Section  III.3.C  was  replaced  by  a  stationary  holder  shown  In  Figure  60.  The 
clearance  required  for  the  bearings  on  the  rotating  holder  was  allowing  the  ring 
assemb''  '  to  drop  down  on  the  vanes  positioned  at  the  top  of  the  test  article 
resulting  In  additional  binding.  After  completion  of  these  two  modifications,  35 
degrees  of  vane  actuation  was  available. 

The  Inlet  screen  profile  was  modified  by  the  addition  of  a  screen  (designed  by 
P&WA)  to  the  existing  configuration,  as  shown  In  Figure  61.  The  additional  screen 
was  a  .25  x  .25  x  .062  mesh  between  50  and  90  percent  span.  This  screen  combination 
was  defined  In  the  data  as  Screens*3. 

3.  DATA  ACQUISITION  SYSTEM 

The  data  acquisition  system  used  during  this  phase  of  testing  was  modified  from 
the  previous  tests  to  provide  additional  Information  and  reduce  test  time.  As  was 
determined  during  the  previous  test,  station  2.3  Information  was  required  to 


Figure  60.  Stationary  Screen  Holder 


Figure  61.  Phase  II  -  Screen  Configuration 
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detennine  a  complete  evaluation  of  design  changes.  Provisions  were  made  to  obtain 
data  at  station  2.3  and  station  2.5  simultaneously  and  thereby  reduce  test  time 
significantly.  In  addition,  after  discussion  with  P&WA,  It  was  determined  that 
Information  was  required  about  the  flow,  swirl  angle  and  total  pressure,  behind  the 
compressor  Inlet  guide  vanes.  These  conditions  are  the  compressor  Inlet  conditions. 
Provisions  were  made  to  obtain  this  data.  The  changes  required  to  the  hardware  and 
software  to  Incorporate  these  additional  requirements  are  detailed  In  the  following 
paragraphs. 

a.  Hardware  Modifications 

The  primary  data  acquisition  hardware  change  required  was  to  accommodate 
an  additional  traverse  and  wedge  probe  at  station  2.3.  This  addition  was  made  to 
reduce  test  time  by  obtaining  both  station  2.3  and  station  2.5  Information 
simultaneously.  The  addition  of  a  traverse  and  wedge  probe  resulted  In  five 
additional  measurements;  three  pressures  from  the  station  2.3  wedge  probe  (probe  B) 
and  two  traverse  potentiometer  signals  from  the  additional  traverse.  To  accommodate 
these  measurements,  the  scanivalve  was  altered  to  the  configuration  defined  In 
Figure  62.  Wedge  probe  A  Is  the  station  2.5  probe. 

In  addition  to  this  change,  an  alternate  method  for  determining  vane  angle 
setting  was  required  as  the  original  Indicator  could  not  be  attached  to  the  new 
stationary  screen  holder.  The  modified  vane  position  Indicator  was  attached 
directly  to  a  vane  stem  with  a  fixed  pointer,  as  shown  In  Figure  63.  All  other  data 
acquisition  hardware  remained  the  same  as  described  In  Section  IV. 3. a. 

b.  Software  Modifications 

Due  to  the  additional  measurements  required  from  station  2.3,  the  data 
acquisition  computer  program  was  modified.  Changes  were  made  In  the  program  to 
direct  the  scanivalve  to  the  14  different  ports  and  acquire  the  data  from  the  ad¬ 
ditional  wedge  probe.  All  data  reduction  procedures  defined  In  Section  II. 2. b  were 
followed  for  the  station  2.3  probe.  The  Mach  number  at  station  2.3  was  determined 
as  defined  In  Section  IV. 3. b.  The  on-line  data  output  prints  and  plots  were 
modified  to  provide  for  the  additional  Information  (example  Is  shown  In  Figure  F-1, 
Appendix  F).  Plotting  was  modified  to  produce  the  swirl  profiles  measured  on  a 
background  of  the  engine  design  flow  (54  Ib/sec)  swirl  profile.  This  plotting 


TO  SIGNAL  CONDITIONING  UNIT  TO  SIGNAL  CONDITIONG  UNIT 


P5  =  INTERMEDIATE  CASE  STATIC 
P6  =2.5  RAKE  TOTAL 

Modified  Preswirl  Vane  Test(Phase  II)  Scanivalve  Configuration 


AFHAL-TR-84-2030 

option  was  added  to  allow  for  more  direct  comparison  of  the  achievements  of  the 
preswirl  vanes.  The  provision  was  also  made  in  the  program  to  produce  total 
pressure  profiles  measured  on  the  engine  profile  background  after  each  traverse  was 
completed.  A  listing  of  this  modified  progrmn  is  shown  in  Appendix  F. 


4.  DATA  ACQUISITION 

The  goal  of  this  test  was  to  determine  if  the  recommended  modifications  made  in 
the  screens  and  vanes  would  provide  profiles  that  match  profiles  measured  in  F100(3) 
S/N  P072  engine.  The  test  plan  was  defined  to  obtain  this  information.  The 
complete  test  plan  for  this  phase  of  testing  is  shown  in  Appendix  F.  Before  testing 
began,  an  end-to-end  calibration  of  the  data  acquisition  system  was  completed.  This 
calibration  indicated  the  desired  data  accuracy  of  +1  percent  was  achieved. 


All  traverses  were  obtained  for  a  corrected  mass  flow  of  approximately 
54  Ib/sec  or  maximum  exhauster  capabilities.  Some  hardware  configurations  resulted 
in  slightly  reduced  flow  rates  from  the  exhausters  defined  in  Section  III. 2.  This  did 
not  present  a  problem  since  previous  test  results  indicated  no  appreciable  change 
In  profiles  exists  with  a  2  Ib/sec  flow  rate  variation.  Data  were  obtained  at 
preswirl  vane  settings  of  0,  10  and  15  degrees  with  the  screen  set  defined  in 
Section  IV. 2  without  the  additional  screen  for  comparison  with  the  results  of  the 
previous  phase  of  this  test.  This  data  will  indicate  the  profile  variations  due  to 
PSV  and  screen  holder  changes  defined  In  Section  V.2  and  the  reinstallation  of  the 
hardware  in  the  test  facility. 


5.  DATA  ANALYSIS 

a.  Swirl  Angle  Profiles 

Tabular  data  obtained  during  this  phase  of  testing  is  shown  in  Table  F-1, 
Appendix  F.  As  previously  stated,  one  of  the  goals  of  this  test  was  to  determine 
the  effects  on  the  profiles  of  hardware  modifications  and  reinstallation  in  the  test 
facility. 

The  modifications  made  to  the  hardware  described  in  Section  V.2  should 
have  had  minimal  effect  on  the  profiles  for  vane  angle  settings  of  0  to  20  degrees. 
Swirl  data  obtained  in  this  phase  of  testing  compared  with  that  obtained  under  the 
same  conditions  (Section  V.S)  Is  shown  In  Figures  64  thru  67.  Figure  64  indicates  a 


X  SPAN 


HAL-TR-84-2030 


SWIRL  PROFILES 


in 

(D 


in 


SWIRL  ANGLE 


• _ e  STA.  2. 3  VANE  ANGLE-10 

_ _ ►  STA.  2. 3  RE-INSTALL 

Figure  65a.  Re  Installation  Effects  on  Swirl  Profiles  at  Station  2.3,  PSV  *  lO' 
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gure  66a.  Re  Installation  Effects  on  Swirl  Profiles  at  Station  2.3,  PSV 
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Figure  87.  Travese  Location  Behind  Inlet  Guide  Vanes 
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Figure  88.  Swirl  Profiles  Behind  Inlet  Guide  Vanes  (Phase  II),  PSV 
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gure  84.  Swirl  Profiles  (Phase  II), 
PSV  *  29°,  Station  2.5,  Octant  6 


Figure  85.  Swirl  Profiles  (Phase  II), 

PSV  ■  29°,  Station  2.5,  Octant  7 


2.3  FOB 

2.9  FOB 
B9  FOB 
B9  FOB 


pm 
MB  pm 
CNF  FIM 
CNF  FIM 


«MIK  MU-  m 
MWBO-  BM 

rr.  ^  i4v»-  IMF 


gure  86.  Swirl  Profiles  (Phase  II), 

PSV  ■  29°,  Station  2.5,  Octant  8 


Figure  81  and  Figure  86  indicates  that  duplication  was  achieved  and,  therefore, 
assures  that  the  measured  circumferential  variations  were  not  due  to  traverse 
repositioning.  These  variations  are  primarily  due  to  the  intermediate  case  support 
struts  creating  8  individual  flow  passages  in  the  Intermediate  case.  Each  passage 
has  its  own  characteristic  since  there  are  small  variations  in  each  due  to  strut 
variations. 

Engine  circumferential  variations  were  not  measured  in  the  test  described  in 
Section  II  due  to  test  article  configuration  and  time  limitations.  Therefore,  these 
results  indicate  additional  uncertainty  (in  duplication  of  the  engine  conditions) 
may  exist  due  to  the  circumferential  variation  of  the  swirl  profiles.  The  results 
also  showed  that  further  investigation  behind  the  I6V  was  required  to  determine  if 
the  profiles  measured  at  station  2.5  will  propogate  to  the  inlet  of  the  fourth  stage 
rotor.  A  traverse  was  taken  at  the  location  shown  in  Figure  87.  Results  of  the 
measurements  taken  behind  the  IGV's  are  shown  in  Figure  88.  It  Indicates  that  the 
swirl  distribution  present  at  station  2.5  is  substantially  modified  after  transition 
thru  the  inlet  guide  vanes.  The  spanwise  variation  in  swirl  angle  is  eliminated  and 
increased  turning  is  added  to  the  flow.  It  also  Indicated  that  the  swirl 
distribution  behind  the  IGV's  is  insensitive  to  PSV  changes. 

b.  Total  Pressure  Profiles 

As  described  in  the  previous  section,  data  were  obtained  for  the  inlet 
hardware  configuration  of  Section  IV  to  determine  removal,  reinstallation  and 
modification  effects.  Figure  89  indicates  that  good  agreement  in  total  pressure 
profile  exists  between  installations  at  low  vane  angle  settings,  as  was  the  case  for 
the  swirl  profiles.  Figures  90  and  91  show  the  increasing  sensitivity  to  hardware 
installation  changes  with  increases  in  vane  angle  settings.  This  variation  also 
indicates  the  total  pressure  profile  at  station  2.5  is  sensitive  to  swirl  changes, 
as  swirl  profiles  varied  between  installations  for  PSV  angles  above  15  degrees.  It 
was  apparent  from  these  comparisons  that  when  the  final  screen  configuration  is 
determined  and  full  documentation  obtained,  care  should  be  taken  in  assuring 
accurate  screen  positioning  for  the  CRF  FlOO  test.  No  further  comparisons  were  made 
between  installations  with  the  knowledge  of  this  sensitivity.  Additional  profiles 
for  vane  angle  settings  of  25,  27,  30  and  35  are  shown  in  Figures  92  thru  95.  These 
indicate  the  total  pressure  profile  is  sensitive  to  vane  angle  settings  up  to  25 
degrees.  Above  that,  little  variation  is  noted  in  total  pressure  profile. 
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testing  results.  Swirl  angle  profiles  measured  for  vane  angles  of  0,  10,  15,  20, 

25,  30  and  35  degrees  are  shown  in  Figures  72  thru  78,  respectively.  Figure  72 
(PSV=0)  indicates  that  swirl  profiles  at  station  2.5,  with  screen  set  three,  can 
simulate  the  measured  engine  profiles  without  the  profiles  at  station  2.3  matching. 
This  figure  shows  that  the  profile  measured  at  station  2.5  has,  with  additional  flow 
turning,  the  same  relative  shape  as  the  2.3  profile.  This  demonstrates  that  the 
eight  support  struts  in  the  intermediate  case  impose  little  effect  in  altering  the 
profile  shape  for  low  PSV  settings.  As  air  angles  of  attack  on  the  struts  increase 
by  increasing  the  PSV  turning,  they  become  more  critical  in  affecting  the  swirl 
profiles  measured.  This  was  apparent  for  vane  settings  above  15  degrees,  as  shown 
in  Figures  74  thru  78.  The  profiles  measured  at  the  2.5  location  vary  considerably. 
They  also  confirm  that  profiles  obtained  for  PSV  settings  above  30  degrees  result  in 
poorer  matches  of  engine  profiles.  From  Figures  76  (PSV=25°)  and  77  (PSV=30°),  it 
is  apparent  that  the  profile  undergoes  a  change  into  a  configuration  more 
characteristic  of  those  measured  in  the  engine.  Also,  the  measured  2.3  profile  for 
a  PSV  setting  of  30  degrees  duplicates  the  engine  profiles  within  5  degrees  and  has 
the  same  general  shape.  Due  to  the  closeness  of  these  profiles,  traverses  at 
additional  settings  of  27,  28  and  29  degrees  were  obtained  to  determine  the  optimum 
vane  angle  setting.  These  traverses  are  shown  in  Figures  79  thru  81.  These  figures 
demonstrate  the  progression  of  the  station  2.5  swirl  profile  into  one  similar  to  the 
engine  profile  at  the  vane  angle  setting  of  29  degrees.  The  swirl  angle  profiles 
measured  with  the  vane  angles  set  at  29  degrees  represent  the  swirl  profiles 
measured  on  the  engine  mor«  accurately  than  all  previous  profiles  measured. 
Therefore,  this  vane  setting  was  selected  for  use  during  testing  to  determine 
circumferential  variation  in  swirl  distribution  at  station  2.5.  The  traverse  at 
station  2.3  was  used  to  assure  conditions  remained  equal  between  station  2.5 
traverse  movements.  Profiles  were  measured  in  octants  one,  two,  six  and  seven,  in 
addition  to  the  previous  measurements  made  at  octant  eight.  Figure  82  thru  85 
detail  these  additional  profiles.  These  figures  indicate  that  while  maintaining 
constant  2.3  profiles  and,  therefore,  consistent  flow  conditions,  there  is  a 
substantial  circumferential  variation  in  swirl  distribution  at  station  2.5.  The 
swirl  circumferential  distribution  indicates  a  maximum  variation  of  7  degrees  at  the 
84  percent  span  location.  The  average  of  the  maximum  variations  for  all  spanwise 
locations  was  four  degrees.  To  assure  that  the  movement  of  the  station  2.5  traverse 
could  not  have  caused  these  variations,  the  traverse  actuator  was  installed  back  to 
the  original  octant  eight  position  and  the  traverse  duplicated.  Comparison  between 
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maximum  variation  of  6  degrees  at  the  92  percent  span  position  between  the  station 
2.3  profiles  for  a  vane  angle  setting  of  0  degrees.  The  reduced  flow  turning  at  the 
tip  seen  in  this  test  is  due  to  the  increase  in  tip  clearance  of  the  vanes  to  reduce 
binding  at  the  higher  angles.  The  profiles  indicate  excellent  comparison  at  all 
other  spanwise  locations.  Figure  64  also  indicates  at  station  2.5  a  variation  in 
profile  between  0  and  3  degrees  at  almost  all  spanwise  locations.  Figure  65b, 
although,  indicated  less  than  a  1  degree  swirl  variation  between  test  phases  at  this 
station  for  a  10  degree  PSV  setting.  Also,  the  station  2.3  swirl  profiles  at  a  10 
degree  PSV  setting  (Figure  65a)  are  again  in  good  agreement.  Figures  66a  and  66b 
show  the  swirl  angle  variations  between  phases  for  a  15  degree  PSV  setting.  They 
demonstrate  swirl  agreement  within  1  degree  of  both  station  2.3  and  2.5  profiles 
between  test  phases.  The  final  comparison  condition  available  is  that  one  of  the  20 
degree  PSV  setting,  as  shown  in  Figure  67.  Although  at  some  spanwise  locations 
differences  of  three  degrees  exist,  both  stations  were  duplicated  within  two  degrees 
agreement  at  the  majority  of  spanwise  locations.  From  the  four  cases  shown,  it  can 
be  assumed  that  variations  in  swirl  angle  profiles  (due  to  inlet  hardware  removal 
and  changes)  between  test  phases  contributed  to  approximately  a  2  degree  uncertainty 
in  profile  duplication. 

Additional  swirl  angle  profile  information,  with  the  original  screens  described 
in  Section  IV. 2,  was  obtained  for  vane  settings  of  25,  27,  30  and  35  degrees  to 
determine  the  effects  of  the  increased  vane  actuation  capability  on  the  swirl 
profiles.  The  results  of  these  traverses  are  shown  in  Figures  68  thru  71.  Review 
of  these  data  indicates  that  good  agreement  was  obtained  between  the  P072  engine 
station  2.3  swirl  profiles  and  the  inlet  hardware  profiles  for  a  vane  angle  setting 
of  27  or  30  degrees.  The  data  also  indicates  that  the  station  2.5  swirl  profile  for 
a  vane  angle  setting  of  30  degrees  matches  the  engine  profiles  at  approximately  0  to 
40  percent  span  and  from  80  to  100  percent  span.  The  profiles  between  40  and  80 
percent  span  still  require  reduced  turning  to  match  the  engine  profiles.  Figure  71 
indicates  that  increased  vane  actuation  to  35  degrees  resulted  in  a  degradation  of 
the  station  2.5  swirl  profile  obtained  at  30  degrees.  Therefore,  no  further  vane 
actuation  data  were  recorded. 

Data  were  obtained  for  the  complete  range  of  vane  angle  settings  with  the 
additional  profile  screen  defined  in  Section  y.2.  This  additional  screen  was 
recommended,  as  was  the  increase  in  vane  actuation,  after  review  of  the  Phase  I 
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Figure  92.  Phase  I  -  Screen  Configuration 
Total  Pressure  Profile  (PSV  *  25°) 


Figure  93.  Phase  I  -  Screen  Configuration 
Total  Pressure  Profile  (PSV  *  27°) 
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Figure  94.  Phase  I  -  Screen  Configuration 
Total  Pressure  Profile  (PSV  =  30°) 


Figure  95.  Phase  I  -  Screen  Configuration 
Total  Pressure  Profile  (PSV  =  35°) 
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The  total  pressure  profiles  obtained  for  the  screen  configuration  defined  in 
Section  V.2  for  vane  angles  from  0  to  35  degrees  are  shown  in  Figures  96  thru  105. 

As  was  the  case  with  the  swirl  profiles,  little  profile  variation  is  noted  for  vane 
angle  settings  above  25  degrees.  Figure  98  and  100  demonstrate  that  good  agreement 
can  be  reached  between  measured  engine  and  inlet  hardware  profiles  for  vane  angle 
settings  of  15  or  25  degrees.  The  engine  spanwise  gradient  in  total  pressure  was  15 
percent.  The  25  degree  setting  provided  a  maximum  of  6  percent  and  average  of  2.3 
percent  deviation  from  the  desired  profiles,  although  an  increase  in  total  pressure 
from  70  to  100  percent  span  is  required  to  match  engine  profiles  for  these  and  all 
other  vane  settings.  As  was  the  case  with  the  swirl  angle  profiles,  circumferential 
variation  in  station  2.5  total  pressure  was  determined,  as  shown  in  Figures  106  thru 
110  for  octants  one,  two,  six,  seven  and  eight,  respectively.  Data  taken  in  octant 
eight  was  compared  with  the  previous  data  taken  in  that  octant  for  the  same 
conditions  to  determine  total  pressure  profile  repeatability.  Comparison  of  these 
profiles  shown  in  Figure  111,  indicate  repeatability  within  the  prescribed  accuracy 
of  +1  percent.  From  Figures  106  thru  110,  it  can  be  seen  that  circumferential 
variations  in  total  pressure  at  station  2.5  do  exist,  as  was  the  case  of  swirl 
distribution.  Further  measurements  downstream  of  the  IGV  (shown  in  Figure  112)  when 
compared  with  the  station  2.5  profile  (shown  in  Figure  113)  indicate  that  a 
nonuniform  total  pressure  profile  does  exist  downstream  of  the  IGV's  and  that  this 
profile  takes  on  the  same  general  gradien.  as  those  generated  at  station  2.5. 

c.  Discussion 

Although  the  modification  to  the  preswirl  vanes  did  produce  a  more 

representative  swirl  distribution,  the  engine  measured  swirl  profile  was  not 

matched.  Measurements  of  the  swirl  distribution  downstream  of  the  IGV's  indicate 

substantial  spanwise  swirl  variation  reduction.  With  this  IGV  spanwise  flow 

straightening  effect,  the  measured  swirl  distribution  at  station  2.5  is  adequate  for 

the  CRF/FIOO  rig  test  as  long  as  the  total  pressure  profile  at  station  2.5  between 

engine  and  rig  is  matched.  Measurements  during  this  phase  of  testing  indicated  the 

total  pressure  profile  present  at  station  2.5  is  not  substantially  changed  by  the 

IGV's.  Therefore,  it  is  extremely  Important  that  the  profile  measured  from  the 

engine  described  in  Section  II  is  matched  in  the  rig.  The  screen  set  number  three, 

as  described  in  this  phase,  required  modification  in  the  area  between  70  and  100 

percent  span  to  increase  the  total  pressure  at  that  location.  An  additional  phase 

of  testing  was  required  with  the  screen  modification  to  achieve  the  FlOO  engine 
total  pressure  profile  at  station  2.5. 
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Figure  100.  Total  Pressure  Profile 
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SECTION  VI 

MODIFIED  PRESWIRL  VANE  AND  SCREEN  TEST  (PHASE  III) 

1.  GENERAL  REQUIREMENTS 

A  final  modification  was  required  on  the  screen  set  provided  by  P&WA  to  Increase 
the  total  pressure  In  the  region  of  70  percent  to  100  percent  span  at  station  2.5. 

In  addition,  circumferential  variation  of  the  swirl  profiles  and  total  pressure  profiles 
behind  the  IGV's  will  be  determined.  After  the  desired  station  2.5  total  pressure 
profile  was  obtained,  full  documentation  of  the  entrance  profiles  In  the  Inlet  hardware 
was  made  for  future  comparison  during  CRF  testing.  The  following  subsections  describe 
this  final  phase  of  testing. 


2.  PRESWIRL  VANE  AND  SCREEN  MODIFICATIONS 

No  modifications  were  made  to  the  preswirl  vane  configuration  as  swirl  profiles 
obtained  In  the  previous  phase  of  testing  were  adequate.  To  Increase  the  total  pressure 
in  the  70  percent  to  100  percent  span  region,  the  outer  portion  of  the  screen  set  3 
was  removed,  as  shown  In  Figure  114. 

3.  HARDWARE  MODIFICATIONS 

An  additional  traverse  location  behind  the  IGV's  was  added  at  octant  two,  as 
shown  In  Figure  115.  This  provided  additional  Information  to  determine  the  circum¬ 
ferential  total  pressure  and  swirl  variation  at  the  entrance  to  the  compressor.  The 
filter  house  was  not  available  for  this  phase  of  testing  and,  therefore,  was  not 
utilized. 


4.  DATA  ACQUISITION  (TESTING) 

The  test  plan  from  the  previous  phase  of  testing  was  followed.  Before  testing 
began,  an  end-to-end  calibration  of  the  data  acquisition  system  was  completed.  The 
results  of  this  check  (shown  In  Figures  6-1  thru  G-10,  Appendix  G)  Indicated  that 
the  desired  accuracy  of  +1  percent  was  achieved.  During  the  data  acquisition  process. 
It  was  noted  that  fluctuations  In  P2-P3  measured  by  the  wedge  probe  were  much  greater 
than  previously  encountered.  The  fluctuations  were  presumed  due  to  the  absence  of 
the  filter  house.  In  previous  tests  the  filter  house  not  only  minimized  particles 
In  the  flow,  but  also  acted  as  a  flow  smoothing  and  straightening  device.  The  testing 
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Figure  114.  Screens  with  Outer  Portion  Removed 


Figure  115.  IGV  Traverse  Location,  Octant  7 
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ontinued  without  the  filter  house  because  this  configuration  was  more  similar  to 
he  conditions  that  exist  in  the  CRF.  Data  were  obtained  for  vane  angle  settings  of 
,  10,  15,  20,  25,  30  and  35.  After  reviewing  these  data,  intermediate  angles  of  22 
nd  23  were  obtained.  Data  were  also  obtained  for  the  optimum  vane  angle  setting  in 
ictants  one,  two,  seven  and  eight  at  station  2.5  and  octants  two  and  seven  at  the 
ocation  behind  the  IGV.  The  vane  angle  was  varied  and  additional  IGV  data  were 
aken  to  determine  profile  sensitivity  behind  the  IGV  to  preswirl  vane  changes.  A 
otal  of  21  traverses  were  obtained  during  this  phase  of  testing.  All  data  obtained 
ire  presented  in  tabular  form  in  Table  G-1,  Appendix  G. 

i.  DATA  ANALYSIS 

a.  Swirl  Angle  Profiles 

Profile  data  at  stations  2.3  and  2.5,  with  screen  set  4,  for  preswirl  vane 

ingles  of  0,  10,  15,  20,  25,  30  and  35  are  shown  in  Figures  116  thru  122.  These 

lata  indicate  that  while  profiles  at  station  2.3  vary  substantially  as  vane  settings 
ire  changed,  station  2.5  swirl  has  small  variations.  The  station  2.5  swirl  profiles 
nost  represent  the  engine  profiles  for  vane  angle  settings  of  20  to  30  degrees,  as 
shown  in  Figures  119  thru  121.  The  station  2.3  profile  shown  in  Figure  121  for  the 
vane  angle  setting  of  30  degrees  matches  the  engine  profile  within  2  degrees  between 

50  and  100  percent  span  and  3  degrees  for  0  thru  60  percent  span.  Therefore,  vane 

settings  between  20  and  30  degrees  are  acceptable  for  the  CRF/FIOO  rig  testing.  Since 
the  total  pressure  profile  at  station  2.5  is  affected  by  preswirl  vane  setting,  the 
Final  setting  was  determined  when  the  desired  total  pressure  profile  was  obtained. 
Intermediate  preswirl  vane  angle  settings  of  22  and  23  degrees  (shown  in  Figures  123 
and  124)  were  obtained  after  review  of  the  total  pressure  profiles  for  preswirl  vane 
angles  of  20,  25  and  35.  Both  plots  indicate  an  average  agreement  of  three  degrees 
Kith  the  desired  station  2.5  profile.  This  is  the  best  agreement  thus  far  in  the 
test  program.  Documentation  of  circumferential  variation  of  station  2.5  swirl  profiles 
are  shown  in  Figures  125  thru  130.  The  profiles  were  obtained  for  octants  one,  two, 
three,  six,  seven,  and  eight,  respectively.  The  traverse  at  station  2.3  was  not 
[)hysically  moved  from  its  location  on  the  case  during  these  traverses.  Therefore, 
the  station  2.3  profiles  are  nearly  Identical  in  all  figures.  This  indicates  that 
the  flow  conditions  were  duplicated  upstream  of  station  2.5  for  all  traverses.  These 
Figures  again  represent  a  variation  circumferentially  in  swirl  profile  at  station 
2.5  as  was  found  in  the  previous  phase  of  testing.  Measurements  were  obtained  at 
two  circumferentially  locations  at  a  station  downstream  of  the  inlet  guide  vane  to 
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SECTION  VII 

DISCUSSION 


objectives  of  this  program  were  to  determine  the  fan  discharge  total  pressure 
1  angle  profiles  from  an  operational  F100(3)  engine.  Then  define  a  configura- 
t  would  provide  these  profiles  at  the  inlet  of  the  CRF/FIOO  compressor  rig. 
rimental  measurements  and  verifications  were  undertaken  by  the  Air  Force 
OTX)  and  the  analytical  design  and  hardware  development  was  performed  by 
d  Whitney  Aircraft,  Government  Products  Division.  This  report  primarily 
ed  the  efforts  of  POTX  in  obtaining  the  engine  profiles  and  verifying  the 
i  compressor  rig  inlet  preswirl  vanes  and  inlet  screen  design.  Information 
given  on  the  method  used  by  Pratt  and  Whitney  Aircraft  in  designing  these 
vanes  and  screens  to  provide  the  measured  engine  profiles. 


lata  acquisition  system  was  defined  and  transported  to  Pratt  and  Whitney 
;  to  measure  the  engine  profiles.  This  system  was  modified  for  installation 
h'r  Force  test  facility.  Additional  data  acquisition  system  hardware  and 
'  software  modifications  were  made  as  requirements  in  the  verification 
increased.  The  test  facility  in  which  all  inlet  preswirl  vane  and  screen 
•ations  were  tested  was  defined.  This  facility  provided  for  flow  capacity 
;rol  over  the  complete  range  of  FIDO  engine  core  compressor  operation. 

)file  data  were  obtained  at  station  2.3  and  2.5  at  one  circumferential 
1  of  the  F100(3)  engine  (SN  P072)  for  core  speeds  of  9,700,  10,430,  11,550 
780  RPM.  The  design  speed  data  at  12,780  RPM  indicated  a  swirl  angle 
)n  of  13  degrees  from  hub-to-tip  at  station  2.5.  The  data  obtained  from  the 
:her  speeds  at  this  location  indicated  a  swirl  variation  with  engine  speed  of 
legrees  maximum  over  the  complete  span.  This  indicates  swirl  profiles  at 
2.5  are  not  substantially  affected  by  core  flow  rates.  This  was  also  proven 
jquent  CRF/FlOO  inlet  tests.  The  swirl  profile  measured  at  station  2.3  for 
1PM  and  9,700  RPM  were  utilized  by  Pratt  and  Whitney  Aircraft  in  designing 
^FlOO  preswirl  vanes.  The  total  pressure  profiles  measured  at  station  2.5  in 
ine  at  design  speed  indicate  a  maximum  of  15  percent  gradient  of  total 
i  from  hub-to-tip.  The  design  speed  total  pressure  profile  was  designated  as 
I  for  the  CRF/FIOO  inlet.  Total  pressure  profiles  measured  at  station  2.3 
»d  as  design  parameters  for  the  CRF/FIOO  inlet  configuration  specification. 
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ate  the  circumferential  variation  of  the  station  2.5  total  pressure  profile  for 
ts  one,  two,  three,  six,  seven  and  eight.  The  maximum  circumferential  variation 
percent  and  the  average  variation  is  3  percent.  The  circumferential  variation 
tal  pressure  is  maximum  in  the  hub  region  and  the  tip  region.  This  circumferential 
iformity  is  due  to  the  effect  of  the  eight  support  stuts  generating  individual 
passages.  Each  flow  passage  has  its  own  characteristics  and,  therefore,  total 
ure  profile.  Measurements  were  made  downstream  of  the  IGV's  to  determine  the 
t  of  this  flow  nonuniformity  after  transition  through  the  inlet  guide  vanes, 
rofiles  were  measured  in  two  different  circumferential  locations  for  vane  angle 
ngs  of  15  and  23  degrees.  Figures  150  and  151  show  total  pressure  profiles 
ired  at  station  IGV  in  octant  two  for  vane  angles  of  15  and  23  degrees.  These 
■es  indicate  that  the  total  pressure  profile  downstream  of  the  IGV  is  affected 
le  preswirl  vane  settings.  The  profile  measured  for  vane  angle  setting  of  23 
compared  with  the  profile  measured  at  station  2.5  octant  two  (Figure  145)  shows 
the  overall  profile  is  transmitted  through  the  IGV.  Some  reduction  in  the  spanwise 
ition  can  be  seen.  The  profiles  were  measured  for  the  same  vane  angles  in  octant 
I,  as  shown  in  Figures  152  and  153.  Comparison  of  these  profiles  and  the  profiles 
ired  in  octant  two  indicated  an  average  circumferential  variation  of  three  percent 
j  degree  PSV  setting  and  1.5  percent  for  23  degree  PSV  setting. 

Discussion  and  conclusions  with  regard  to  this  final  phase  of  testing  will 
)vered  in  Sections  VII  and  VIII. 
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determine  the  effects  the  inlet  guide  vanes  had  on  the  flow.  Data  were  obtained  for 
vane  angle  settings  of  15  and  23  degrees  in  octants  two  and  seven  at  this  location. 

The  traverse  of  station  2.5  was  not  moved  circumferentially  and  used  primarily  for 
assurance  of  no  flow  variation  between  movements  of  the  IGV  traverse.  Figures  131 
and  132  show  swirl  distribution  behind  the  IGV  at  octant  seven  for  vane  angle  settings 
of  15  and  23.  They  indicate  that  the  swirl  distribution  behind  the  IGV's  is  not 
affected  by  variation  in  preswirl  vane  setting  within  the  +1  degree  measurement 
accuracy.  They  also  indicate  that  for  both  PSV  settings  a  maximum  variation  of  2 
degrees  exists  from  hub-to-tip,  while  at  stations  2.5  a  10  degree  variation  exists. 
These  figures  demonstrate  the  insensitivity  of  swirl  profile  behind  the  IGV's  at 
octant  two  are  shown  in  Figures  133  and  134.  They  indicate  a  shift  of  approximately 
2  degrees  from  octant  seven.  This  was  due  to  a  traverse  to  case  alignment  shift.  The 
bosses  behind  the  IGV  did  not  have  any  convenient  method  of  alignment  with  the  axis 
of  the  inlet  hardware.  Therefore,  it  cannot  be  stated  that  this  two  degree  shift  is 
due  to  circumferential  variation.  Therefore,  Figures  133  and  134  indicate  no  circum¬ 
ferential  variation  of  the  swirl  profile  downstream  of  the  IGV  within  the  accuracy 
of  the  measurement. 

In  summary,  the  measurements  downstream  of  the  IGV's  indicate  that  the 
variation  in  distribution,  radial  and  circumferential,  at  station  2.5,  does  not  result 
in  a  variation  of  the  profiles  generated  by  the  IGV's  within  the  accuracy  of  the 
measurements. 

b.  Total  Pressure  Profiles 

The  total  pressure  data  obtained  for  the  inlet  screen  configuration  described 
in  Section  VI. 2  are  shown  in  Figures  135  thru  141  for  vane  angles  0,  10,  15,  20,  25, 

30  and  35  degrees.  All  profiles  indicate  an  Increase  In  total  pressure  between  70 
and  100  percent  span  and  a  decrease  from  0  to  20  percent  from  the  previous  screen 
configuration  defined  In  Section  V.2,  as  was  desired.  These  figures  also  Indicate 
the  sensitivity  of  the  total  pressure  profile  at  station  2.5,  to  a  preswirl  vane 
angle  variation.  The  total  pressure  profile  created  for  a  v?ne  angle  setting  of  25 
degrees  most  closely  approximated  the  desired  engine  profile.  Therefore,  a  more 
detailed  Investigation  was  performed  around  this  PSV  setting.  Figures  142  and  143 
show  the  total  pressure  profiles  for  22  and  23  degree  PSV  setting.  The  profile 
measured  for  a  PSV  setting  of  23  degrees  Indicated  a  maximum  variation  from  the  desired 
profile  of  3  percent  and  an  average  variation  of  1.5  percent.  No  previously  measured 
profiles  agree  with  the  desired  profiles  this  accurately.  Figures  144  thru  149 
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The  design  process  involved  a  streamline  analysis  of  a  particular  preswirl  vane 
geometry  with  an  inlet  total  pressure  profile.  The  vane  geometry  and  inlet  total 
pressure  profiles  were  iterated  until  the  desired  station  2.3  profiles  were  obtained. 

It  was  assumed  that  if  the  engine  station  2.3  profiles  were  generated  in  the  compressor 
rig,  then  the  profiles  measured  at  station  2.5  would  also  match  the  engine  profiles. 
This  assumption  will  be  discussed  in  reference  to  the  inlet  hardware  data  obtained, 
later  in  this  discussion. 

The  data  acquisition  system  was  improved  and  installed  in  the  Air  Force  test 
facility  as  described.  This  facility  provided  for  the  necessary  flow  rates  in  the 
rig  inlet  hardware  comparable  to  the  engine  flow  rates.  Data  were  obtained  for  an 
existing  set  of  preswirl  vanes  utilized  in  previous  FIDO  tests.  This  test  was  under¬ 
taken  primarily  to  determine  if  the  data  acquisition  system  and  method  were  adequate 
for  future  testing.  A  secondary  desire  was  to  determine  the  swirl  distribution  at 
station  2.5  provided  by  these  vanes.  Data  were  obtained  for  preswirl  vane  settings 
of  0  to  33.  For  vane  angle  settings  from  0  to  25  at  design  flow  conditions,  a  maximum 
of  3  degrees  spanwise  variation  from  20  degrees  was  obtained  at  station  2.5.  For 
vane  angle  settings  of  25  tu  33,  a  6  degree  spanwise  variation  was  measured.  As 
stated  previously,  engine  profiles  indicate  a  13  degree  spanwise  variation  in  swirl 
angle  at  station  2.5.  This  data  indicated  what  was  already  assumed,  that  the  existing 
preswirl  vane  design  would  not  provide  the  desired  swirl  profiles.  The  design  of 
new  preswirl  vanes  had  begun  before  this  test.  The  data  also  indicated  that  flow 
rate  has  little  effect  on  swirl  distribution  at  station  2.5,  as  was  the  case  in  the 
engine  tests.  This  information  was  utilized  in  future  tests  to  reduce  test  time. 

The  test  itself  did  verify  that  the  data  acquisition  system  and  procedures  would  be 
acceptable  for  future  testing  with  minor  modifications. 

The  preswirl  vanes  and  screens  defined  by  the  Pratt  and  Whitney  Aircraft  stream¬ 
line  analysis  program  were  provided  for  installation  in  the  CRF/FIOO  rig  hardware 
set  up  in  the  Air  Force  test  facility.  These  vanes  were  6  percent  thick  NACA  series 
63  blading  with  increasing  cord  and  turning  from  hub-to-tip.  Total  pressure,  static 
pressure  and  swirl  angle  traverses  were  obtained  for  station  2.3  and  2.5.  The  station 
2.3  data  were  obtained  to  assist  Pratt  and  Whitney  Aircraft  in  their  design  method 
verification.  Data  were  acquired  for  preswirl  vane  settings  of  0  to  20  degrees.  No 
further  actuation  above  20  degrees  was  available.  A  preswirl  vane  setting  of  20 
degrees  positioned  the  vane  leading  edge  approximately  parallel  with  the  inlet  hardware 
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axis.  The  swirl  and  total  pressure  data  most  representative  of  the  engine  profile 
data  were  for  20  degrees  PSV  setting.  The  swirl  angle  variation  from  hub-to-tip  was 
8  degrees  with  a  maximum  and  average  deviation  from  the  desired  profile  of  9  and  3 
degrees,  respectively.  The  swirl  distribution  measured  at  station  2.3  was  within 
agreement  of  the  desired  profile  by  an  average  of  4  degrees.  The  measured  profiles 
also  indicated  that  more  vane  angle  actuation  would  improve  the  agreement.  The  average 
and  maximum  total  pressure  profile  variation  from  the  engine  profiles  was  3  and  5 
percent,  respectively.  This  average  3  percent  variation  represents  20  percent  of 
the  hub-to-tip  gradient  of  total  pressure  in  the  engine. 

Although  the  improved  preswirl  vane  and  screen  design  did  generate  more 
representative  profiles,  it  was  envisioned  that  further  improvements  could  be  made 
through  experimentally  determined  modifications.  Streamline  analysis  was  unable  to 
predict  the  profiles  at  station  2.5  for  a  given  vane  angle  setting.  This  is  primarily 
due  to  the  high  angle  of  attack  (of  the  flow  generated  at  station  2.3)  on  the  support 
struts  at  station  2.5.  The  struts  are  positioned  at  70  degrees  (90=axial)  while 
station  2.3  flow  angles  range  from  50  to  64  degrees.  An  additional  reason  for  the 
failure  of  the  profiles  measured  at  station  2.5  to  match  engine  profiles  is  the 
difference  between  engine  and  rig  intermediate  cases.  The  engine  intermediate  case 
was  of  an  F100(3)  while  the  rig  intermediate  case  is  of  an  F100(2).  The  F100(3) 
case  station  2.5  ID  wall  protrudes  farther  into  the  flow  path  than  the  F100(2).  The 
F100(2)  intermediate  case  was  selected  for  the  rig  test  because  it  was  anticipated 
that  an  F100(3)  case  would  result  in  flow  separation  in  the  rig  test.  Therefore,  a 
match  of  the  inlet  hardware  station  2.3  profiles  to  the  F100{3)  engine  station  2.3 
profiles  did  not  assure  a  station  2.5  match. 

Due  to  these  conditions,  modifications  to  the  screens  and  vanes  were  made  and 
further  experimental  efforts  were  undertaken.  Due  to  the  difficulty  in  obtaining  an 
accurate  match  of  station  2.5  swirl  and  total  pressure  profiles  on  the  first  attempt, 
it  was  decided  that  measurements  were  required  downstream  of  the  IGV's  to  determine 
the  flow  sensitivity  at  this  location  to  differences  at  station  2.5.  After  one 
preswirl  modification  and  two  screen  changes,  profiles  determined  adequate  for  the 
rig  test  were  obtained.  From  measurements  behind  the  IGV's,  it  was  determined  that 
the  swirl  profile,  behind  the  IGV's,  was  insensitive  to  changes  at  station  2.5.  It 
was  also  found  that  the  total  pressure  profile,  behind  the  IGV's,  was  sensitive  to 
these  changes,  therefore,  additional  effort  was  taken  to  assure  a  match  between  engine 
and  rig  total  pressure  profiles  at  station  2.5.  Swirl  data  obtained  from  the  final 
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configuration  at  station  2.5  deviated  from  the  desired  data  by  a  maximum  of  7.5  degrees 
and  an  average  of  3.4  degrees  for  a  PSV  setting  of  23  degrees.  With  the  knowledge 
of  the  IGV's  effect  on  swirl  distribution,  this  profile  match  was  acceptable.  Agree¬ 
ment  between  engine  and  rig  station  2.5  total  pressure  profiles  for  this  PSV  setting 
was  obtained  within  1.5  percent.  This  average  variation  is  11  percent  of  the  total 
hub-to-tip  total  pressure  gradient  in  the  engine. 

In  addition,  total  pressure  and  swirl  angle  circumferential  variation  was 
determined.  From  measurements  made  in  six  of  the  eight  locations,  a  maximum  of  five 
degrees  swirl  variation  and  an  average  of  four  degrees  variation  were  determined. 

The  average  variation  circumferentially  in  total  pressure  was  20  percent  of  the  total 
hub-to-tip  gradient.  It  should  be  noted  that  the  circumferential  variation  measured 
in  the  inlet  hardware  test  may  differ  from  CRF/FIOO  rig  variations.  This  is  due  to 
the  inability  to  simulate  the  upstream  effects  the  compressor  will  have  on  the  inlet 
in  our  tests.  It  is  anticipated  that  the  compressor  will  lessen  the  circumferential 
variation  and,  in  addition,  have  some  effect  on  both  the  total  and  swirl  absolute 
profiles.  These  effects  will  be  determined  during  the  CRF/FIOO  rig  test  since  base 
line  conditions  have  been  generated  in  these  tests. 

A  summary  of  the  best  results  obtained  for  all  test  phases  is  shown  in  Table  6. 

This  table  indicates  the  difficulty  in  obtaining  both  swirl  and  total  pressure  profile 
matches  in  Phase  II  for  the  same  preswirl  vane  setting.  A  setting  of  25  degrees 
provided  improved  matching  of  total  pressure  profiles  over  Phase  I,  while  resulting 
in  a  poorer  match  of  swirl  profiles.  A  29  degree  setting  results  in  an  improved 
swirl  profile  match  and  a  poorer  total  pressure  match  over  Phase  I  results.  The 
table  also  indicates  that  Phase  III  results  for  a  PSV  setting  of  23  degrees  indicates 
improvements  in  both  total  pressure  and  swirl  angle  profile  over  all  previous  phases 
of  testing.  The  profiles  obtained  from  this  phase  of  testing  match  the  engine  profiles 
more  accurately  than  any  previous  FlOO  core  engine  test.  With  these  profiles  simulated, 
the  CRF/FIOO  compressor  performance  data  obtained  can  be  transferred  directly  to 
engine  configurations.  Therefore,  the  efforts  to  simulate  fan  discharge  conditions 
in  the  CRF/FIOO  rig  inlet  were  successful. 
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SECTION  VIII 
SUMMARY 

a.  A  microprocessor  based  data  acquisition  system  was  utilized  to  provide 
swirl  measurements  at  the  inlet  of  an  FIDO  core  compressor  with  +1  degree  accuracy 
and  pressure  measurements  with  +1  percent  uncertainty. 

b.  Experimentally  measured,  swirl  angle,  total  pressure,  static  pressure  and 
total  temperature  profiles  were  documented  for  an  FlOO  Series  (3)  engine  at  stations 
2.3  and  2.5. 

c.  With  the  total  pressure  and  swirl  angle  profiles  as  goals,  a  CRF/FIOO  rig 
inlet  configuration  was  designed  to  provide  these  profiles. 
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SECTION  IX 

CONCLUSIONS 

The  following  conclusions  can  be  drawn  from  the  results  of  this  program. 

a.  Differences  in  F100(3)  and  F100(2)  intermediate  cases  resulted  in  difficulty 
in  obtaining  exact  duplication  of  the  desired  results. 

b.  The  desired  station  2.5  swirl  angle  profile  for  engine  design  speed  of 
12,700  RPM  was  matched  within  an  average  of  3  degrees  in  the  CRF/FIOO  inlet  hardware. 

c.  The  desired  station  2.5  total  pressure  profile  for  the  engine  at  design 
speed  was  matched  within  11  percent  of  the  total  hub-to-tip  engine  gradient. 

d.  Circumferential  variations  in  both  swirl  angle  and  total  pressure  profiles 
do  exist  at  station  2.5  due  to  the  eight  support  struts  creating  individual  flow 
passages.  The  magnitude  of  these  variations  may  change  due  to  the  upstream  effects 
by  the  compressor  in  the  rig  test. 

e.  Swirl  distribution  downstream  of  the  inlet  guide  vanes  is  not  affected 
(within  the  accuracy  of  the  measurements  made)  by  variations  at  station  2.5. 

f.  Total  pressure  distribution  downstream  of  the  IGV's  is  affected  by 
variations  at  station  2.5.  Therefore  to  assure  the  rig  test  results  can  be 
transferred  to  engine  conditions  these  station  2.5  total  pressure  profiles  must  be 
matched. 


SECTION  X 


RECOMMENDATIONS 

The  following  recommendations  are  made  for  the  CRF/FIOO  compressor  component 
test  performed  in  the  Compressor  Research  Facility. 

a.  Obtain  data  detailing  inlet  profiles  at  station  2.5  with  the  compressor 
connected  to  the  inlet  hardware.  Conclusions  can  be  drawn  from  this  information 
defining  upstream  effects  resulting  from  the  compressor  downstream,  thereby  providing 
experimental  information  to  assist  in  theoretical  modeling  of  compressor  effects  on 
the  upstream  flow  field. 

b.  Determine  if  the  pressure  of  the  compressor  down  stream  reduces  the  cir¬ 
cumferential  swirl  and  total  pressure  variations  measured  in  this  test.  These 
circumferential  variations  and  possible  separated  flow  distortions  may  reduce  the 
performance  of  the  compressor  and,  therefore,  the  FIDO  engine. 

c.  Determine  the  effect  these  simulated  fan  discharge  profiles  have  on 
compressor  performance  by  obtaining  performance  data  with  and  without  the  screens 
and  vanes  defined  in  this  report.  This  information  will  provide  for  a  better  under¬ 
standing  of  effects  of  a  fan  on  the  performance  of  the  high  pressure  compressor  in 
the  FIDO  engine. 


WEDGE  PROBE  CALIBRATION  RESULTS  (S/N  B1625) 


WEDGE  PROBE  ANGLE  CALIBRATION  RESULTS 


Positive  angle  clockwise  looking  down  on  probe 
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TABLE  A-3 

TRAVERSE  CALIBRATION 


LINEAR 


ANGULAR 


Position 

Potientometer 

Position 

Potientometer 

(Inches) 

Output 

(Degrees) * 

Output 

(Volts) 

(Volts) 

0.000 

-0.533 

0.500 

-1.888 

1.000 

-3.160 

1.500 

-4.494 

2.000 

-5.763 

2.500 

-7.101 

3.000 

-8.377 

3.500 

-9.736 

4.000 

-11.035 

4.500 

-12.398 

5.000 

-13.774 

5.500 

-15.243 

Angle  defined 

as  follows 

positive  counter  clockwise 
looking  down  on  the  probe. 


s 
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TABLE  A-4 

TRANSDUCER  BENCH  CALIBRATIONS 


0-1  PSID 
S/N  13006 


ressure  Output 
(PSD  (mV) 


0.000 


0.000 
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ON-LINE  PRESSURE  CALIBRATION  PROCEDURES 


From  the  four  calibration  pressures  provided  during  the  data  taking 
ess,  the  output  voltages  are  stored.  The  voltages  correspond  to  the  zero 
maximum  pressure  points  for  each  transducer.  The  output  voltages  are 
ned  in  the  program  as  follows: 

R(I,K]  where  I  and  K  are  derived  from  the  following  table 


I 


K 

1 

2 

3 

1 

0  psid 

0  psid 

0  psid 

2 

0  psid 

4  psid 

35  psid 

3 

0  psid 

4  psid 

35  psid 

4 

0  psid 

0  psid 

0  psid 

The  transducer  intercept  is  determined  from  the  voltages  stored  in  R  for 
and  1=4.  The  slopes  are  determined  from  the  voltages  stored  in  the  R 
ix  as  follows ; 


Q[2,K]  =  MCP[K]AR[2,K]  -  R[1,K]) 
Q[3,K]  =  MCP[K]/(R[3,K]  -  R[4,K]) 


re  MCPIK]  is  the  maximum  calibration  pressure  for  K  transducer  and  Qt2,K] 
the  first  slope  for  the  K  transducer  before  data  is  obtained  and  Q[3,K]  is 
second  slope  determined  after  the  data  was  obtained. 

The  intercepts  are  defined  as  follows ; 


Q[1,K]  =  R[1,K]  *  q[2,K] 
Q[4,K]  =  R[4,K]  *  Q[3,K3 


:e  Ofl/K)  is  the  first  intercept  for  the  K  tremsducer  and  C[4,K]  is  the 
>nd  intercept  for  the  K  transducer  after  the  data  was  obtained. 


percent  change  from  the  first  to  the  second  calibration  for  both 
and  intercept  is  defined  as  follows: 

r[Kt2]  = 

r[K]  =  (intercept  K=1, 2. 3) 

r  is  the  percent  change  during  data  taking.  These  values  are  printed 
d  compared  during  the  data  taking  process . 


34|  FORMAT!  IHOi  lOXt*TOT*L  PRESSURE  PSIC  PilOX,  PUNCER  T  A  INTY  PERCENT*. lOX 
C. ASTATIC  PRESSURE  P S 1 C *. lOX, tUNCER T A INT V  PERCENT*! 


t#  ruHniti  I  inu<£UX>'IK«n>UU«.tK  btN^lflVIlY  CHANMEL  Pl-P^  ••.F10.7t^X 
17S  CVOLTS/SUPPtr  VOLT  /  PSl  *-*,f  l0.7t7X,»VOLTS/SOPPLV  VOLT  /  PSI*I 

18  FORPATI lHOt20X,*TOTAL  PRESSURE  COEFFICIENT  >* .F 10. S. 2X , A *-«, F 1 0. 
1<)  FORnATI  1H0,20X. ASTATIC  PRESSURE  COEFFICIENT  •  A,F  10.  S.  2  X  ,  A*-A  ,F  10 
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The  uncertainty  of  the  static  pressure  is  defined  as  follows: 


The  portions  of  Equation  20  that  deal  with  and  as  before  were  broken 

^1  ^d 

;o  two  parts.  Uncertainty  in  percent  of  full  scale  and  percent  of  sensitivity. 
Computer  Program 

Equations  16  and  20  were  solved  through  the  use  of  a  computer  program.  The 

igram  required  input  of  all  data  system  component  uncertainties,  Ur  .  U.  ,  (bias 

‘-01  '^1 

1  precision),  etc.,  transducer  sensitivities  and  S^,  amplifier  gains  A-j  and  A^, 
)ply  voltages  E^^  and  E^^,  output  voltages  Eq^  and  E^^,  transducer  offset 
ta  ges  ^01  f  and  Eqj^  and  total  static  pressure  coefficients  CPT  and  CPS.  The  output 
tages  input  into  the  program  corresponded  to  the  range  of  pressures  to  be 
isured  during  the  test.  All  input  values  and  their  respective  uncertainties  are 
nted  out  for  data  input  verification.  The  overall  uncertainty  in  total  and 
itic  pressure  and  each  component's  contribution  to  that  uncertainty  is  determined 
1  printed  out.  Theoretical  angle  measurement  uncertainties  were  not  considered,  as 
‘se  were  determined  through  repetitive  calibrations  of  the  traverse  system.  The 
(grain  listing  and  output  are  shown  in  Figure  B-2. 
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[*('-01 "  ^oif  )/(*r^sr^i)  ju^ 


Sd 


,  =[('0dF  -  EodfX'-CPTy(cPS.A^.E3,-Syj 

[-(wEodfX'-'^'’^)/(cP5'''d*'sd*Sd)]'Sds 


where  =  PI  transducer  full  scale  output  voltage 

=  PI  transducer  full  scale  error 

Usis  =  PI  transducer  sensitivity  error 

Eodf  =  PI  -  P2  transducer  full  scale  output  voltage 

UsdF  ■  transducer  full  scale  error 

U<.  =  PI  -  P2  transducer  sensitivity  error 

^dS 

.  Static  Pressure  Uncertainty 

Equation  4  can  be  rewritten  as  the  following 

PS  =  -  [(PI  -  P2)/CPS)  +  PT 

The  following  equation  is  obtained  by  substituting  Equations  13  and  14  into 
e  above  equation. 

PS  •  -KUEo.  -  E  )  ♦  CPT]/(CPS  *  A  *  Ejj  *  Sj)]| 


*  [(Eo,  -  E(„,)/(A,  *  E5,  *  S,)] 


(19) 


AFWAL-TR-84-2030 


PT  =  [(Eqi  -  Eoi,)/(A^  *  E31  *  S,)]  +  [(Eg,-  Eo^,)(l  -  CPT)]/ 
(CPS  *  A^  *  E3,  *  S,) 


(14) 


III.  Uncertainty  Definition 

A.  From  Kline  and  McClintock,  square  law  of  error  Propogation,  as  defined 
in  Reference  10,  the  uncertainty  in  a  measurement  can  be  defined  as 


i. 


(15) 


B.  For  Equation  14  the  uncertainty  is  defined  as  follows: 


are  the  data  system  component  uncertainties.  These  are  divided  into  bias  and 
precision  which  are  carried  through  the  equations  separately  to  determine  the  system 
overall  bias  and  precision  uncertainty  components.  The  overall  uncertainty  in  PT 
is  defi ned  as  follows : 

'("pT,  *  ^  y,) 

Bias  Precision 


Manufacturer's  specifications  for  transducer  accuracies  are  given  in  both 
percent  of  sensitivity  and  percent  of  full  scale  output,  therefore,  the  following 
terms  were  used  to  define  the  transducers  contribution  to  the  overall  system 
uncertainties. 
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where  =  Sensitivity  of  the  PI  transducer 

=  PI  transducer  output  voltage 
Ej^  =  PI  transducer  supply  voltage 

also 

*  (PI  -  P2)] 

where  =  Sensitivity  of  the  (P1-P2)  transducer 

E^^  =  PI  -  P2  transducer  output  voltage 
Ej^  =  PI  -  P2  transducer  supply  voltage 
Rearranging  both  Equations  6  and  7 


PI  =  E  ,/(E5,  *  S,) 
and 

(PI  -  P2)  .  Ejy(E5j  *  Sj) 

2.  For  the  amplifiers 
F  -  F  =  F  *  fl 

'^01  ‘'Olf  '"tl  n 

where  Eg^  =  PI  amplifier  output  voltage 

Efllf  ”  amplifier  zero  offset  voltage 
A^  =  PI  amplifier  gain 
and 


(8 

(9 

(10 


9  and  10. 


where  E 


od 


"odf 

A. 


PI  and  PI 


^Od  ■  ^odf  “  ^td  *  ^d 
PI  -  P2  amplifier  output  voltage 

PI  -  P2  amplifier  zero  offset  voltage 

PI  -  P2  amplifier  gain 

P2  can  be  defined  by  substituting  Equations  10  and  11 


(11 


into 


=  ('od  *  'oi.f^/^N  *  'si  *  ^i) 

-  P2)  -  (Eod  -  'odf>/(^d  *  'sd  *  Srf) 


(12 

(13 


Therefore,  by  substituting  Equations  12  and  13  into  Equation  5,  the 
following  can  be  obtained. 
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II.  Measurement  Equations  for  Uncertainty  Analysis 

A.  The  following  definitions  are  used  to  define  the  total  and  static  pressure 


uncertainties  as  measured  from  the  wedge  probe. 


CRT  = 


Pl-PS 


PT-PS 


(1) 


where 


CPT  =  Wedge  probe  total  pressure  coefficient 
PI  =  Wedge  probe  total  pressure 
PS  =  "True"  static  pressure 
PT  =  "True"  total  pressure 


Equation  1  can  be  re-written  as 

PT  =  [(PI  -  PS)/CPT]  +  PS 

Also 

CPS  =  (PI  -  P2)/(PT  -  PS) 

where  CPS  =  Wedge  probe  static  pressure  coefficient 

PI  -  P2  =  Wedge  probe  static  pressure 

Equation  3  can  be  rewirtten  as 

PS  =  -[(PI  -  P2)/CPS]  +  PT 

B.  Total  pressure  measurement  uncertainty 
Combining  Equations  2  and  4 

PT  =  PI  +  [(PI  -  P2)/CPS]  -  [(CPT/CPS)  *  (PI  -  P2)] 


(2) 

(3) 


(4) 


(5) 


It  is  noted  that  Pi  -  P2  and  PI  -  P3  from  the  wedge  probe  are  measured  on 
the  same  transducer  and  averaged  in  the  final  analysis.  Because  the  same  transducer 
is  used,  only  one  value  (P1-P2)  is  considered  in  the  uncertainty  analysis. 

The  data  system  equations  can  be  defined  as  follows 
1 .  For  the  transducers 


Si  =  E,i/(E3t  *  PI) 


(6) 


154 


•  ^  Z*  ****  • 


ft  *  f 
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UNCERTAINTY  IN  PRESSURE  MEASUREMENT 

I.  Block  Diagram 

The  system  uncertainty  was  determined  for  the  configuration  shown  in 
Fi gure  B-1 . 

These  functional  blocks  define  the  components  whose  uncertainties  will  be 
considered  in  determining  the  overall  uncertainty. 
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57:  ret 
58;  "CLAVC: 

S'J:  for  i.=io  tc  i6:0*r:;Eor  J=i  tc  5 ;r. | A,r„ j  1 -t r:*r; 

60:  next  J  ;  C/5-»F  [A  ,  1.1  ;  next  L. 

61:  ret 

62:  35/(nl2,31-R|l,31  )*0[2,3I  ;.15/(Rnr31  -n[4,ll  )*n[l,31 
f)3:  4/(R(2,21-R(1,2|  )*..)|2,21  ;  4 /(  R  1  3 , 21 -R  (  4 , 2 1  )  *  l  |  3 , 2  ] 

6  4:  -R[  I,  31*0(2,31  *01  1,31  ; -R  [  4  ,  3  1  *0 1  3 , 31  *01  4 , 3  1 

65;  -Ri  1,2 1*0  (2, 21  *01 1,21  r-R  1  4  ,21  *0i  3 ,21  *0(4,21 

66:  -R( 1,1 1*0 [3, 11 *0(1.1  I  r-R ( 4 ,11 *0( 3 , 1 1 *CI 4 ,1 1 

67;  (0(1,31-0(4,31 1  *2.857 l*rl; (Oil  ,21 ->(4,21)* 25*r 2 

63:  100* (0(2,31-0  [3,31 1/0(3,31 *r3 ; 100* ( 0 1 2 , 21 -0 1 3 , 2 1 ) /  '  ( 3 , 21 *r 4 

GO:  (0(1,11-0(4,11 )*100*r5 

70:  Cnt  l,15x,"0-50  RSI  0"  ,  9x ,  "0- 15  P.S  1 0"  ,  0  x,  "0- 1  PSIO",/ 

71:  wr t  6.1;fxd  5 

72:  wrt  6  , "  Y-INT"  ,  (?  [  4 , 3  ]  ,0  (  4 , 2 1  ,  C  ( 4  , 1 1  ;  wr  t  u  IR"  ,  r  I  ,  r  2  ,  r  5 

73:  wrt  6 , "  SLORrj "  ,  0(  3 , 3  |  ,  0  (  3  ,2  1  ;  wr  t  6  ,  •**  0  1  F"  ,  r  3  ,  r  4 

74  :  qto  76 

75:  wrt  6;wrt  6 , “Tl MC : " , T$ ( 7) 

76:  ent  "COiiTINUn?"  ,CSj  if  cap(C$)  ="N“  roto  11 
77:  gto  79 

78;  ref  N,Dl*l  ,R(*1  ,r,  (*1  ,H  (*1  ,21*1  ,P 
79:  qsb  "step"; wait  200 

80:  qsb  "step";wait  200 

81:  "DATA  RED."; 

32:  for  A*1  to  2jq£:b  "ErAVC" 

83:  next  A 

84:  M*C(1,8]+C(2,8)  *r;M*C(  1,91  +C(2  ,9|  *!! 

85  :  .  998*G;.90  5*tl 

86:  for  1  =  1  tc  2;  for  .K=l  tc  3;  for  L=1  to  3 
8 7:  2(1  ,K,E|*CM3,K1  +<>{4,K1*Y(I  ,K,L1 
88:  next  L;next  I<;  next  I 
89:  for  L=1  to  3 

90:  (yil,2,L]+Y(2,2,(,l)/(2*H)*0(L) 

91;  y{2,3,6l-0{C1+R*<3*S{r.) 

92;  S  [L1+0(D1*T(L1  ;  V  (  5  (  (T  ( L  I /S  [  T,.1  )  *  .  28  57-1  )  )  *M  (  M 

93:  next  L 

94  :  for  I.=  l  0  to  16 

95:  F(]  ,LJ*C(1,L1  t-C(2,Ll*Ff3,L| 

96:  F(2,t.]*Cll,I,l+C(  2,L1*F(4,L1 

97:  (F(2,L]-F(1  ,L  I  )  *  100/F  (  2  ,L  1  ♦F  ( 5  ,1.  ( 

93 :  next  L 

99;  fmt  2,/,5x,"RUN  NO . , f 4 . 0  ,8 x  ,  "Ra tm ", f 7 . 2 , x , " RSI A  “  , Bx , " FTP " , f 7 , 
100:  wrt  6.2 ,N,P,Y (1 ,3 ,2] +P 

101  ;  fnt  3,/,10x,  "Pl-Patm",  lOx  ,  "  PI- P2"  ,  1 1  X ,  ''P3-P2”  ,  1  3x  ,  "AC"  ,  14x,  "DC 
102;  fmt  4,fl4.3,7x,f8.1,8x,f8.3,10x,fB.5,8x,f8.4 

103;  fmt  8,fl2.4,8x,f0.4,9x,f8.4,7x,f8.4 

104 ;  wrt  6.3 

105;  wrt  6 . 4  ,  "MAX"  ,Y  (  2 , 3  ,1 1  ,Y  (  2 ,2 , 1  ]  ,Y  ( 1 , 1  ,1 )  ,  2  (1  ,  5 , 1 1  ,  Z  ( 1  ,4  ,1  I 

106:  wrt  6 . 4  ,  "  AVG"  ,  Y  (  2 , 3 , 2]  ,Y  (2, 2, 2)  ,Y  (1,1, 21, 2(1, 5, 21, 2(1, 4, 21 
107;  wrt  6 .4 ,"M1N" ,Y [2 ,3 ,31  ,Y ( 2 ,2 ,3)  ,Y ( 1  ,1 , 3 1 , 2 [ 1  , 5 , 3 ]  ,  2  ( 1 , 4  ,  3 | 

108;  fmt  5  ,/,10x,  "WEDGE  RAD"  ,  7x  ,  "WEDGE  ROT"  ,  lOx,  "IIW  RArj",9x,"MK  ROY 
109:  wrt  6.5 

110:  wrt  6.8,"VALUE"  ,F[4,131  ,F(4,l-4]  ,F(4,151  ,F(4,161 
111:  wrt  6.8,"%  CHG"  ,  F [ 5 , 1 3 ]  , F ( 5 ,14 1  ,F ( 5 ,1 5 ) , F  |  5 ,16 1 
112;  fmt  6,/,10x,"TEMP(F) ",5x,"FAN  SPEED" , 5x, "CORE  SPEED",/ 

113:  fmt  9,fll. 1 ,8x,f6.0  ,8x,f6.0 
114 :  wrt  6.6 

115:  wrt  6.9,"VALUE" ,F(4,101  ,F(4,11I  ,F(4,121 
116:  wrt  6.9,"%  CHG" , F ( 5 , 10 1 , F ( 5 , 11 1 , F ( 5 ,12 1 

117;  fmt  7,/,10x,"PT=",f7.2,3x,“PS-",f7.2,3x,"MACH  NO-",f6.2,5/ 

118:  wrt  6.7,T(2)  ,S(21  ,M[21 
119;  qto  9 
120 :  end 

121;  for  I-l  tc  2;for  J-1  to  36 
122:  wrt  6,D( I , 1 , J1 , D( I ,2 , J ) ,D( I ,3 , J) 

123:  next  J;wrt  6>next  I 
*  2  748  3 


Figure  A-1 .  (Cont'd) 
151 
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0  :  dim  TS  (14]  ,D[2,3,3GI  ,'M4,3|  ,C[4 ,10: 16,5  I  ,f{f  4  ;5,361  ,  Z[2,  5,31  ,P,F[5,10:  16| 
1:  dim  C$[11  ,S[31  ,Q|4,31 ,T(3|  ,0(31  ,N|31  ,M|31  ,C[2,fl :161 ,y [2,5,31 
2:  dsp  "SCr  TIMC(wrt  709  ,"  "TI)’’''1DDHH'V55;3"  ;  oto 

3:  1-C[1,91 ;0*C[2,91 

4  :  38708*Cll,101  ;4  5-C( 2,101  ;100-C(1,111  ;0*C12,111 
5:  100-C|1,12| ;0-C(2,121 ; - . 3818 J-C ( 1 , 13 1  , 2 1 04 -C I  2 , 1 3 1 

6:  10.582-011,141 ; 66 . 77-C ( 2 , 14 1 ; 4 0351 -C [ 1 , 15 1 ; - . 204 -C 1 2 , 1 51 
7:  10.861-0(1,161 ! 93.8-0(2,16 J 24878-0(3,1) 

8:  cnt  "8atra",P 

9:  ent  "POINT  NO.?"  ,i'l;  Idf  N  ,0  (  *  1  ,  R  (  *  )  ,0  ( *  |  ,11  (  *  |  ,  Z  ( *  |  ,  P  ;  q  t  c  62 
10:  fxd  0;gsb  "home" 

11:  for  1=1  to  2;i£  l=2;qsb  "step" 

12:  wait  5000 ; 1-P;gsb  "scan" 

13:  next  I 

14:  for  1=1  to  2;qsb  "step" 

15;  wait  5000;0-P:gsb  "scan" 

16:  next  Ijwrt  709  , "  AC  5"  ;  v/r  t  722  ,"H  10F2"  ;qr.b  "stop" 

17:  wait  2000  ;5-K;qEb  "scanil" 

18:  wrt  722  ,";i"  ;4-K;qsb  "scanil" 

19:  for  1=3  to  4;if  I=4;qsb  “Etep" 

20:  if  I=4;wait  5000 


21 : 

1-F;qsb  “scan" 

22  ; 

next  I;qsb  "home" 

23: 

sfq  14  ;gto  62 

24  : 

"scan": 

25: 

if  F-l;if  I#l;if  li4: 

imp  2 

26; 

wrt  709 ,"AC1";1-K;nsb 

"  p  •• 

27  : 

wrt  709 ,"AC2" ;2-K;qsh 

"F?" 

28  ; 

wrt  709,"AC3";3-K;qsb 

'•  p  ■?  « 

29  : 

if  1=1 ; if  F=l:qsb  " LG 

14 

30  : 

if  1=4 ;gsb  " GC" 

31; 

ret 

32;  "t’?":if  P  =  l!qsb  "scanO" 

33;  if  F=0;gsb  "scanD" 

34 ;  ret 

35;  "scanC";wrt  722 , "nSM002LlRS130STN. 1STIM2T30X1 " 

36;  rds(722) -S;if  S#GG;1mD  0 
37;  wrt  722 , " ROM " : red  722,R(I,K| 

33;  ret 

39:  "scanO";wrt  722 , "H . ISTI 363TNS01M2T 3 " 

40:  for  J»1  to  36;red  722  ,D  (I , K , J ) ; next  J 

41;  "stat":wrt  7  22  ,  "  RCM"  ;  red  7  22 , 2(  I  ,K  ,2)  ;  wr  t  722  ,  "’ncL"  :  r  ed  722 ,7.  ( I  , ,  31 
42:  wrt  722,”REU“;red  722,2(I,K,1| 

43;  ret 

44:  "scanil"  ;wrt  722  ,  "  .  ISTI  36-STNS01M2T3" 

45;  for  J  =  1  to  36; red  7  22  , H ( K ,J 1 ; next  J;l-I 
46;  qsb  "stat" 

47;  ret 

48:  "step";wrt  709  ,"  1101 , 1 wait  10;wrt  709  , "001,1" 

49;  rot 

50;  "hcmo";wrt  70 9  , "001 , 2 " ; wni t  3000  ;wrt  709  , "001,2" 

51;  ret 

52;  "CC":wrt  709  ,  "SIARAF10AL16" j if  I  =  l;l-A 
53:  if  I*4;2-A 

54:  for  L=10  to  16;wrt  709 , " ASVN5S01 VF) VSl VT3VS" ; for  J-1  to  5 
55:  r?C  709  ,C  (A,L,J1  ;  next  d;r;CXt  f; 

56;  if  I*l;wrt  709,"TD";red  709 ,TS 

rtgure  A-1.  P072  tngin*  Test  Data  Acqulsttton  Program  Listing 


OUTPUT  VOLTAGE  CHANNEL  P1-P2  -  .20000  VOLTS  ♦-  .0000016  VOLTS 
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ANCLE  •  .13  DECREES  *-  .00176  DEC.  UNCERTAINTY  IN  ANCLE  -  1.3  PERCENT  OF  REAOiNC 
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ANCLE  «  .80  DECREES  ♦-  .00918  DEC.  UNCERTAINTY  IN  ANGLE  •  1.2  PERCENT  OF  READING 


SUPPLY  VOLTAGE  CHANNEL  PI  -  12.00000  VOLTS  *-  .OOOAB  VOLTS 


amplifier  gain  channel  PI-P2  '  100.00000  VOLfS/VOLT  ♦-  ^  .02000  VOLTS/VOLT 


4-2030 


Figure  B-2  (Cont'd) 


SUPPLY  voltage  channel  P1-P2  -  12.00000  VOLTS  ♦-  ,000A8  VOLTS 

transducer  sensitivity  channel  P1-P2  •  ,000A177  VOlTS/SUPPLY  VOLT  /  PSl  ♦-  .0000006  VOLTS/SUPPLY  VOLT  /  PS  I 


TRANSDUCER  SENSITIVITY  CHANNEL  PI-P2  -  .000A177  VOLTS/SOPPLY  VOLT  /  PSI  ♦-  .0000008  VOLTS/SUPPLY  VOLT  /  PSI 


■2030 


ANCLE  -  1.72  DEGREES  ♦-  .01^70  DEG.  UNCERTAINTY  IN  ANCLE  -  l.l  PERCENT  OF  READING 


flD-fll57  108  COMPRESSOR  f^ESERRCH  FACILITV  FlOe  HIGH  PRESSURE 
COMPRESSOR  INLET  TOTAL  PR.  .  (U>  AIR  FORCE  MRIGHT 
AERONAUTICAL  LABS  URIGHT-PATTERSON  AFB  OH 
UNCLASSIFIED  U  U  COPENHAVER  OCT  84  AFUAL-TR-84-283e  F/G  21/5 


ANCLE  -  1.99  DECREES  *-  .02271  DEC.  UNCERTAINTY  IN  ANCLE  -  1.1  PERCENT  OF  READING 
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APPENDIX  C 


ENGINE  CORE  INLET  TEST  DATA 
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TABLE  C-1 

TRAVERSE  POSITIONING  CHART 


WEDGE  PROBE  CHANNEL  1 


TABLE  C-2 

F100(3)  ENGINE  P072  CORE  INLET  PROFILE  DATA  AT  POSITION  2.5 
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TABLE  D-1 

TRANSDUCER  BENCH  CALIBRATIONS 

(Inlet  Preswlrl  Vane  Test) 


0-1  PSID 

S/N  3004 
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0  - 
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Figure  D-2.  Traverse  Radial  Calibrat'on  (S/N  ER165263) 


VOLTS 

Figure  D-3.  Traverse  Angular  Calibration  (S/N  ER165262) 
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PRESWIRL  VANE  AND  PRESSURE  PROFILE  SCREEN  DETAILED  DESIGN 

The  aerodynamic  design  of  the  inlet  preswirl  vane  was  based  upon  the  profile 
data  obtained  at  Station  2.3  from  the  PO-72  engine  test.  As  shown  in  Figure  E-1 , 
a  streamline  model  was  made  of  the  inlet  system  from  the  bellmouth  to  the  inter¬ 
mediate  case;  profile  screen  loss,  vane  loss,  and  vane  turning  were  iterated  to 
produce  the  desired  Station  2.3  profile.  A  summary  of  the  synthesized  vane  geometry  is 
presented  in  Figures  E-2  and  E-3.  For  this  vane,  the  turning  distribution,  the  exit 
swirl  distribution,  and  the  exit  pressure  pi^ofile  is  presented  in  Figure  E-4.  The 
required  screen  discharge  pressure  profile  is  presented  in  Figure  E-5. 
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Figure  D-5.  Sample  of  Existing  Inlet  Preswirl  Vane  Test  Output 
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Figure  E-19. 
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VANE  ANGLE-  IS 
NSNi  1.45 

Swirl  Profile,  Station  2.3  (Phase  I),  PSV»15°,  Mach  Number 
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Figure  E-17. 


POSITION  2.3 
VANE  ANGLE-  5 
NSN#  1.45 

Swirl  Profile,  Station  2.3  (Phase  I),  PSV«5°,  Mach  Number 
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Figure  E-16. 
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VANE  ANGLE-  B 
NSNi  B.45 

Swirl  Profile,  Station  2.3  (Phase  I),  PSV»0°,  Mach  Number 
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Figure  E-14.  Total  Pressure  Profile,  Station  2.3  (Phase  I),  PSV»15°,  Mach  Number 
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Figure  E-12.  Total  Pressure  Profile,  Station  2.5  (Phase  I),  PSV»0°,  Mach  Number 
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Figure  E-9.  Total  Pressure  Profile,  Station  2,5  (Phase  I),  PSV«10°,  Mach  Number  *  .45 
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SVIRL  ANGLE (90-AXIAL) 


Figure  E-23. 


VANE  ANGLE-  20 
MSN#  0.54 

Swirl  Profile,  Station  2.5  (Phase  I),  PSV»20°,  Mach  Number 
Duplication 
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aiD0T=  53.1  FlQure  F-1.  Modified  PreswlH  V«ne  Test  (Phase  II>,  Sample  Output 
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I.  TEST  OBJECTIVE 

An  FlOO  Series  3  High  Pressure  Compressor  Test  Article  is  being  designed  for 
experimentation  in  the  Compressor  Research  Facility  (CRF)  of  the  Aero  Propulsion 
Laboratory. 

To  perform  these  experiments  without  the  fan  and  use  the  results  for  comparison 
to  actual  engine  parameters,  the  entrance  profiles  to  the  high  pressure  compressor 
must  be  simulated.  This  program  is  designed  to  experimentally  measure  the  pressure, 
temperature,  and  flow  angle  profiles  at  the  exit  of  the  test  article  inlet  duct  for 
comparison  to  measured  engine  profiles.  In  this  test  program,  two  0.25-inch  diameter 
wedge  probes  will  be  used  to  measure  the  temperature,  total  and  static  pressure,  and 
flow  angle  profiles.  They  will  also  be  used  to  determine  the  sensitivity  of  the 
flow  downstream  of  the  IGV  to  changes  made  at  the  2.3  location.  This  test  will  be 
conducted  in  Building  18,  Room  24,  since  previous  experiments  have  shown  adequate 
flow  capacity  in  this  facility. 

II.  HARDWARE 

A  cutaway  of  the  inlet  flow  path  is  shown  in  Figure  F-2.  Shown  in  this  figure 
are  two  axial  locations  that  are  available  for  Investigation.  The  location  shown  at 
2.5  duplicates  station  2.5  measured  in  engine  P072.  For  this  reason,  the  primary 
location  of  profile  measurements  will  be  the  2.5  locations.  Measurements  will  also 
be  made  at  station  2.3  through  the  use  of  a  second  wedge  probe.  If  time  permits, 
the  probes  will  be  moved  downstream  of  the  IGV.  The  wedge  probe  to  be  used  in  the 
experiment  is  a  United  Sensor  Model  HT-150-24-CU/C.  A  schematic  of  the  probe  is 
shown  in  Figure  F-3. 

The  wedge  probe  senses  three  pressures  and  one  temperature.  The  temperature  is 
measured  by  a  copper  constantan  thermocouple  from  the  position  shown  in  Figure  2. 

PI  is  proportional  to  the  total  pressure,  while  (P2  +  P3)/2  is  proportional  to  the 
static  pressure.  The  flow  angle  will  be  detennined  by  rotating  the  probe  to  a  position 
where  P2  -  P3  =  0  and  then  measuring  the  probe's  physical  position  (angle). 

The  pressures  Pl-Patm,  PI  -  P2,  PI  -  P3,  and  P3  -  P2  will  be  recorded.  The 
range  of  these  readings  is  0-1  psid,  0-5  psid,  0-5  psid  and  0-1  psid,  respectively. 
These  same  pressures  will  be  recorded  from  the  wedge  probe  positioned  at  the  2.3 
location. 
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Figure  F-3.  Wedge  Probe  Schematic 


During  the  test,  the  probes  will  be  translated  radially  and  rotated  to  the 
required  positions.  This  operation  will  be  controlled  through  a  Northern  Research 
and  Engineering  Corporation  TEMI-3  Traversing  Actuation  System.  Two  ERl-4  traverse 
actuators  will  be  used  simultaneously  to  translate  and/or  rotate  both  wedge  probes. 

Additional  data  obtained  will  be  Tatm  and  flow  path  ID  wall  static  pressure 
(P4-Patm)  and  OD  wall  static  pressure  (P5-Patm). 

DATA  TAKING  AND  RECORDING  REQUIREMENTS 

The  following  is  a  list  of  steps  that  the  data  taking  and  recording  system  should 
follow: 

a.  Rotate  both  wedge  probes  to  null  position. 

b.  Calibrate  transducers  and  store  calibration  constants  for  high/low 
calibration  reference  pressure. 

c.  Take  average,  maximum,  minimum,  and  deviation  from  36  data  points  each  of 
P5-Patm,  P4-Patm,  PI  -  P2,  PI  -  P3,  P2  -  P3,  PIA  -  P2A,  PIA  -  P3A,  and  P2A  -  P3A. 

Take  one  data  point  of  Tl,  Tatm,  and  traverses  (radial  and  rotational)  position  before 
and  after  taking  the  raw  data  points. 
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d.  Calibrate  transducers  for  high/low  pressure  again. 

e.  Print  the  calibration  constants  measured  after  the  data  taking  and  their 
respective  percent  change  from  before  to  after  data  taking.  Also,  print  out  percent 
change  of  traverse  positions,  mean  values  and  maximum  variation  of  all  raw  data. 

f.  Option  to  reduce  printout  and  store  the  data  or  return  to  the  cal-data-cal 
cycle  above. 

g.  Short  form  printout.  Reduce  data  and  print  out  the  following  in  engineering 
Units: 

-  Time  of  day  -  to  be  obtained  from  internal  clock. 

-  Date  -  have  the  program  keep  the  input  date  until  turned  off. 

-  Point  Number 

-  Values  for  Pl-Patm,  P3  -  P2,  PI  -  P2,  PI  -  P3,  PIA  -  Patm,  P3A  -  P2A, 

PIA  -  P3A,  P4  -  Patm,  P5  -  Patm  in  psid 

-  Tl,  Tatm  °F,  traverse  positions,  percent  span  and  degree  of  rotation 

-  TT,  PT,  PS,  Mach  No.,  swirl  angle,  PT/PS 

h.  Plot  Data 

As  the  experiment  proceeds,  plot  out  the  following  parameters  as  a  function 
of  percent  span  (traverse  position). 

Swirl  angle  (Station  2.5  and  Station  2.3)  after  the  traverse,  plot  PT/(PT 
average)  as  a  function  of  percent  span.  After  the  test,  this  program  will  be  able 
to  access  the  files  desired  and  plot  out  one  of  the  curves  above,  or  possibly  plot 
four  color-coded  curves  at  one  time. 

i.  During  each  data  point,  the  program  must  store  the  following  on  tape: 

-  All  individual  average  value  points  (raw  data) 

-  Both  sets  of  calibration  constants 

-  The  values  printed  out  in  the  short  form  printout  mentioned  above 
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FlOO  HPC  INLET  DUCT  TEST 
TEST  PLAN 

It  is  currently  estimated  that  four  minutes  will  be  required  for  each  data  point 
The  following  steps  are  required  for  each  data  point: 

a.  Set  stator  angle  on  all  vanes 

b.  Set  flow  rate  to  approximately  54  Ib/sec  and  position  probe  at  midspan. 

Take  data  point. 

c.  Position  the  probes  to  the  desired  radial  position. 

d.  Rotate  both  wedge  probes  to  P2  -  P3  and  P2A  -  P3A  =  0. 

e.  Take  data. 

f.  Print  out  and  store  data. 

g.  Take  12  data  points  across  the  duct 

h.  Return  to  midspan  position  and  duplicate  point 

i.  Stop  air  flow 

j.  Change  vane  angle  and  repeat  steps  b-i  for  each  vane  angle. 

Vane  angles  to  be  tested 

0 
10 
15 
20 
30 
35 

40  (if  required) 

50  (if  required) 

k.  Change  screens  and  repeat  steps  a-j. 

Screens  to  be  tested 
Existing  screens 

Existing  screen  with  add-on  (screens=3) 

Existing  screen  with  cutout  and  with  add-on  (screens*4) 

l.  Move  traverse  to  different  circumferential  location  and  repeat  selected  vane 
ietting  (as  time  permits). 

m.  Move  traverse  downstream  of  IGV  and  determine  swirl  profiles  for  selected 
/ane  settings  (as  time  permits) 
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